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t Speed/Power 



Burr-Brown Products 
from Texas Instruments 



Product Family 


Device 


Product Description 


Key Specifications 


Smallest 
Package 


Price 


Amplifier 


0PA349 
0PA336 
TLV2401 
TLV2760 
INA321 


IjPower, low voltage, RRIO op amp 

Highest precision pPower op amp in S0T23 

Sub-1|jA op amp 

Wide bandwidth pPower op amp 

pPower instrumentation amp with shutdown 


1 .8V to 5.5V, 2pA Iq max, 1 0pA \q max, 70kHz GBW, Gain = 1 stable 
2.3V to 5.5V 20pA Iq, 1 0OkHz GBW, 60pV Vqs, RRO 
2.5V to 1 6V 880nA Iq, 1 .2mV Vqs max, RRIO, 1 8V reverse battery protection 
1 .8V to 3.6V 20pA Iq (1 OnA in shutdown), 500kHz bandwidth, RRIO 
2.7V to 5.5V 40pA Iq (1 OnA in shutdown), 200pV Vqs, RRO 


SC-70 
S0T23 
S0T23 
SOT23 
MSOP 


$0.75 
$0.65 
$0.80 
$0.65 
$1.10 


Comparator 


TLV3491 
TLV3011/12 


Fast nanoPower comparator 

6|js comparator with 1 .242V, 40ppm/X reference 


1.8V to 5.5V 0.8pA Iq, push-pull output, 6ps prop, delay, RRIO 

1.8V to 5.5V 5pA Iq, 3011: push-pull output, 3012: open collector output 


S0T23 
SC-70 


$0.42 
$0.75 


Data Converter 


ADS1222 
ADS8325 
DAC7554 


Self-calib, 2-Ch, 24-bit low-power AE ADC w/shutdown 
pPower, lOOksps, 16-bit SAR ADC with SPI interface 
Quad, 12-bit serial input DAC, R-R voltage output, shutdown 


2.7V to 5.5V 0.8ppm of FS noise, 0.8mW power consumption, 240SPS data rate 

2.7V to 5.5V 750pA Iq (0.1 pA in shutdown), 1 6-bits NMC 

2.7V to 5.5V 5ps settling time, 880pA In (<1pA per DAC in shutdown) 


TSSOP 
MSOP 
MSOP 


$2.95 
$5.95 
$5.60 


Reference 


REF31XX 


High accuracy, low drift series voltage reference 


0.2% accuracy, 1 5ppm/°C max, ±1 0mA output, 1 .25V 2.048V 2.5V 3V 3.3V 4.096V 


S0T23 


$1.10 


Power 

Management 


TPS797XX 
TPS6031X 
TPS383X 


10mA LDO voltage regulator with Power Good 
Regulated charge pump boost converter 
Supervisory circuit with ultra-low supply current 


1 .8V operation, 1 .2pA Iq, 1 05mV dropout at 1 0mA output 
0.9V minimum Vi^, 2|jA Iq, 20mA output, up to 90% efficiency 
220nA Iq, precision monitoring of 1.8/2.5/3.0/3.3V 


SC-70 
MSOP 
SOT23 


$0.34 
$1.05 
$0.85 


Temp Sensor 


TMP101 


Programmable RC digital temp sensor with shutdown 


45[jA Iq (0.1 ^jA in shutdown), -55°C to 125°C operation, 9- to 12-bit resolution 


S0T23 


$0.80 


Interface 


SN65HVD12 
SN65HVD234 


3.3V RS-485 differential transceiver with shutdown 
3.3V CAN transceiver with sleep mode 


1Mbps, 1|jA in Sleep mode, 16kV ESD protection, 1/8 unit load (256 nodes) 
3.3VCC, ±36V Bus-fault protection, 2pA in Sleep mode, 16kV ESD protection 


SO-8 
SO-8 


$1.75 
$1.45 



For more jjPower analog product info, visit: www.ti.com/analogmsp430 o 800.4778924, ext. 12333 
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BigaHurts 



GigaHertz 






[easy] to maximize bandwidth 

with over a terabit per connector (8 Gbps per pair x 168 usable pairs). 

[easy] to minimize board space 

with staggered pin layout that reduces grounds required. 

[easy] to route signals 

with Final Inch® PCB design tools that save design, development and validation time, 

[easy] to use 

with solder crimped tails, low insertion/extraction forces. 

[easy] to find out more 

about high speed, high density interconnects at www.dparray.com 
or www.samtec.coitveasy 

LjmiJU. samTec .cofn 

SUDDEN SERVICE 




www.finalinch.com 
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DATA CONVERTERS 



13-Bit, 210 MSPS ADC 

Superior SNR Performance. Now! 



Superior SNR Performance 
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SNRa 
SNRa 


170 MSPS 
210 MSPS 
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100 150 200 
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The ADS5440 high-speed analog-to-digital converter from Texas Instruments 
features superior dynamic performance at high input frequencies. Providing break- 
through SNR performance, the ADS5440 enables improved receiver performance in 
multi-channel base stations and software defined radio (SDR) applications, and 
improved sensitivity for test and measurement equipment. 





Resolution 


Speed 


SNR 


SFDR 


Device 


(Bits) 


(MSPS) 


(dBc) 


(dBc) 


ADS5440 


13 


210 


68 at 170 MHz IF 


77 at 170 MHz IF 


ADS5500 


14 


125 


69.5 at 100 MHz IF 


82 at 100 MHz IF 


ADS5424 


14 


105 


74 at 50 MHz IF 


93 at 50 MHz IF 


ADS5541 


14 


105 


71 at 100 MHz IF 


86 at 100 MHz IF 


ADS5423 


14 


80 


74 at 50 MHz IF 


94 at 50 MHz IF 


ADS5520 


12 


125 


68.7 at 100 MHz IF 


82 at 100 MHz IF 


ADS5521 


12 


105 


69 at 100 MHz IF 


86 at 100 MHz IF 



► Applications 

- Software defined radio 

- Test and measurement/ 
instrumentation 

- Base stations: 

- Multi-channel receivers 

- Transmit digital 
pre-distortion (DPD) 

- Communication 
Instrumentation 

► Features 

-SNR = 68 dBc at 170 MHz 
F|N and 210 MSPS 

- SFDR = 77 dBc at 170 MHz 
FiN and 210 MSPS 

-SNR = 68 dBc at 230 MHz 
F|N and 170 MSPS Fg 

- SFDR = 80 dBc at 230 MHz 
F|N and 170 MSPS Fg 

- Supports the industrial 
temperature range of 
-40° C to +85° C 

- 80-pin TQFP PowerPAD^M 
package 

- Fully buffered input 
simplifies input circuit design 

- Lead (Pb)-free/green 

- $65.00/1 K price 



Evaluation Modules, 
Datasheets and 
Samples 



www.ti.com/ads5440 o 800.477.8924, ext. 12495 
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LPC2I4X Family 





USB 2.0 
Full Speed 


Flash 


RAM 


ADC 


DAC 


Package 


LPC2 1 4 1 


V 


32KB 


8KB 


1 




QFP64 


LPC2I42 


V 


64KB 


16KB 


1 


1 


QFP64 QFN64 


LPC2I44 


V 


128KB 


16KB 


2 


1 


QFP64 


LPC2I46 


V+ DMA 


256KB 


40KB 


2 


1 


QFP64 


LPC2I48 


V+ DMA 


512KB 


40KB 


2 


1 


QFP64 QFN64 
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© Koninklijke Philips N.V., 2005. All rights reserved. 

Big Performance. Small Package. 

16/32-Bit Flash Microcontrollers. The Philips LPC2l4x-ARM7TDMI-S™- based 
MCU can help you with your application challenges by providing you with: 
The only low-cost, ARM7-based, fully compliant 
USB 2.0 full-speed device available 

- DMA with 8KB RAM 

- Supports 32 endpoints (16 bidirectional pairs) with 2KB FIFO 

Ultra-low power 60 MHz operation (54MIPS) 

- Both on-chip Flash and SRAM 

Multiple serial interfaces 

-2 PC 

- 2 enhanced UARTs 

- I SPI 

- I SPI/SSP 

www.philips.com/microcontrollers 
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Get your arms around all your 
serial data test imeeds with 

EXCLUSIVE IMEW TECHIMOLOGIES FROM LeCROY 




f 




From physical layer to protocol layer, 
LeCroy leads the way. 




Excellence in Serial 
Data Testing 

With LeCroy's exclusive Digital 
Bandwidth Interleave technology 
(DBI), the new 1 1 GHz SDA 1 1000 
excels at testing serial data 
standards of up to 6.25 Gb/s, while 
offering all key nneasurennents in 
a single instrument. i 




Fastest Data Rates 

The new WaveExpert™ family of 
digital sampling scopes are the fastest 
in the industry, offering bandwidths 
up to 100 GHz and memory up to 
512 Mpts per channel at unparalleled 
speeds — all providing a near real-time 
experience via it's exclusive Advanced 
Throughput Architecture (ATA). 




The Most Extensiy/e 
Protocol Analysis 

LeCroy offers the most comprehensive 
support for essential serial data 
standards, including PCI Express™ — 
up to x16 — SAS and SATA, producing 
powerful displays, comprehensive 
reports, intelligent traffic generation 
and modification. 



iBCro v 

wvvw.lecroy.com 

Enter 4 at www.edn.com/info 



MAXIMIZE PERFORMANCE; 
MINIMIZE RISK WITH iJimm 



IR^s Integrated Design Platform Gets Appliance Motor Drive Designs to Market Faster 




For more inform 



http:// wwwjrf.com/ motion 




ter 5 at www.edn.com/info 



As the new breed of variable speed motor 
drives for energy-efficient appliances grows 
ever more complex, the design risks have 
never been higher, driven by tight design 
schedules, higher performance requirements 
and tough cost targets. 

The iMOTION™ integrated design platform is a 
complete motion control solution featuring 
optimized architecture, chip set and software to 
minimize risk by simplifying design and 
manufacture, enhancing performance at a 
lower cost and accelerating time-to-market. 

Key Features 

• Versatile space vector PWM 
with dead time insertion 

• Configurable design platform 

• Unique starting algorithm 

• Fast frequency output 

• Lower conduction loss 

• Optimized mixed-signal chip set 

• Under-voltage lockout 

Key Benefits 

• Enhanced variable speed motor performance 

• Eliminates programming 

• Increased reliability 

• High bandwidth 

• Fast acceleration 

• Minimized EMI emissions 

Contact your local IR representative for more 
information about iMOTION. 

(MOTION™ is a trademark of International Rectfier 
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THE POWER MANAGEMENT LEADER 




Thinking inside 
the box: Buildings 
get a brain 

A Stuck in a highly 

/ I fragmented industry, 

I ^^building-automation 

designers are formulating new 
initiatives to provide interoperability 
simplify management, conserve 
energy provide security and reduce 
costs. 

by Warren Webb, Technical Editor 
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Sun sets on IEEE 488, 
LAN and PC standards 
vie for its role 

The move from a T&M- 
industry interface 
V-^ standard to one or more 
computer-industry standards 
presages mostly good news for test- 
system designers. 

by Dan Strassberg, 
Contributing Teclinical Editor 



POWER 
SWITCHING 






A 






1 



TOR 



PWM 




COMPENSATION |-> 
NETWORK 



A bit-o'-power: digitally 
controlled power 
conversion 

ironically perhaps, the 
last subsystem to 
V-X \^ undergo a substantive 
shift from an analog- to a digital- 
control architecture is the most 
universal: the power supply Beware 
the hype, however. Digital power 
control may bring performance 
benefits to some applications, but 
until you become familiar with the 
inner machinations, their 
sophistication will exact a price in 
application-development time. 

by Joshua Israelsohn, 
Technical Editor 



DESIG 



IDEAS 





Power-supply interrupter fights ESD-induced device latch-up 
High-impedance FET probe extends RF-spectrum analyzer's usable range 
Watchdog circuit protects against loss of battery charger's control signals 
Circuit adds foldback-current protection 

JULY 21, 2005 
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MICROCONTROLLERS 



2X the Speed. 1/2 the Power. 




World's Lowest Power MCU 

Experience the next generation of ultra-low-power MCUs. The MSP430F2xx offers 2x the processing power up to 
16 MIPS and 1/2 the power consumption in standby real-time clock mode at 3V. Additional product enhancements 
provide robust operation even in harsh operating environments, reduce overall system cost and improve system reliability. 
First devices feature 1 to 8KB Flash starting at only $0.89 with additional devices coming soon. 



Ultra-Low Power Consumption 






Standby Real-Time Clock 




Operating Voltage 


RAM Retention 


Mode 


Active Mode Per MIPS 


2.2V 


0.1 |jA 


0.7 |jA 


200 |jA 


3V 


0.1 |jA 


0.9 |jA 


300 |jA 



White paper and development tools WW w. t i ■ CO m /2xx 

From ultra-low-power MSP430 and 32-bit general purpose TMS470 ARM7 core-based MCUs to high-performance TMS320C2000™ digital signal controllers, 
Tl offers designers a broad range of embedded control solutions. For more information on Tl's complete portfolio of controllers, see www.ti.com/mcu. 



TM ■ • 
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19 "Terminator" causes no panic, keeps fast signals from coming back 

19 Energy-metering IC targets range of applications 

20 Single-chip WLAN device supports Ml MO 
20 Connector has nonmagnetic appeal 

22 US military to adopt mobile-base-station technology 

22 Ethernet takes to industry 

24 Architecture targets USB applications 



24 IrDA gets faster, grows into new applications 

26 Global Designer: Hong Kong team wins power-supply-design contest; 

Multistandard software-defined-radio adds DRM format 
28 Research Update: IC may become its own cooler; Free NIST software 

enhances scope timing; Optical switch routes single photons of quantum 

cryptography 
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From the vault 

The following articles from the EDM archives 
touch on topics that Warren Webb's cover story 
on smart buildings raises (pg 48): 

RFID struggles while smart sensors animate intelli- 
gent buildings: RFID technology is having difficulty 
gaining wide acceptance despite all the attention it 
receives, but smart sensors are finding use in 
diverse and substantive applications. 
www.edn.com/article/CA526504 



Zigbee chip and software stack enable control net- 
works: Zigbee is the leading candidate to form the 
foundation of wireless-control networks, and fully 
integrated Zigbee chips are finally ready. 
www.edn.com/article/CA606443 

Z-Wave chip aims to cut implementation cost: Z- 

Wave targets remote monitoring of home devices, 
including lighting, security systems, thermostats, 
garage-door openers, and entertainment systems. 
www.edn.com/article/CA525674 

Our new department "Tales From the Cube," in 
which readers share their engineering war stories, 
makes its second appearance in this issue (pg 32). 
In case you missed the debut in June, here it is: 

Baby steps stop the crying: Dan is Carter of Tyco 
Healthcare recounts his struggle with a problem 
that threatened to turn his potentially lethal 
Battlebot into a nonstarter. 

www.edn.com/article/CA6081 77 



Onlineonly 



Good stuff found only at www.edn.com. 

Software targets communications design 

The MathWorks recently rolled out Communi- 
cations Blockset 3, an upgraded version of its soft- 
ware for designing and simulating the physical 
layer of communications systems and components. 
www.edn.com/article/CA622674 

Gear: Postcards from the edge of product evolution 

HD and XM Radio come together, a backpack 
charges a phone, GPS confers bragging rights, 
and more. 

www.edn.com/article/CA623401 

On The Verge, a blog by Editor at Large Maury 
Wright: Read Maury's opinions— and post your 
responses— on mobile video, home-control net- 
works, outsourcing, and more. 
www.edn.com/ontheverge 

Brian's Brain, a blog by Senior Technical Editor 
Brian Dipert: Join the discussion as Brian posts his 
analyses and opinions on virtually any technical 
topic. 

www.edn.com/briansbrain 
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E D N . C O M M E N T 




BY JOHN DODGE, EDITOR IN CHIEF 



Some products fall down 
on the job-literally! 

Overlooking the most mundane design details can signifi- 
cantly hurt a product. Recently, I've been using Omron's HJ- 
112 pedometer and the Pharos EZ Road GPS (global-posi- 
tioning system), and both dubiously illustrate the point. 
EZ Road isn't so easy when it comes to staying put. The 
unit includes both a suction- cup bracket that promises to 
secure it to the dashboard and clips that alternatively affix it to the air-con- 
ditioning vents. The suction-cup bracket is no good in my vehicle, because 
the dash has no smooth surface for an airtight bond other than the wind- 
shield, which, for obvious reasons, I do up the first page of the documentation. 



not want to obscure in any way. The 
clips, which the documentation annoy- 
ingly omits, are flimsy, causing the unit 
to frequently fall off the vent when you 
touch the unit. 

I'm amazed that the Pharos folks, bet- 
ter known for piggybacking GPS on 
cell phones and PDAs, didn't figure out 
that a couple of small strips of Velcro 
tape would more than suffice (Link 1 ). 
As for the GPS unit, it works fairly well, 
but such automobile GPS add-ons have 
a long way to go before they qualify as 
polished products. My advice: Make an 
add-on seem as little as possible like an 
add-on, because the cockpit quickly be- 
comes cluttered. 

The 3.5-in., transreflective, 320X 
240-pixel LCD is decent, but you won- 
der whether its size, glare, and very 
existence next to the driver don't rep- 
resent yet more dangerous distractions. 
After all, GPS often requires studying, 
as opposed to taking a quick glance at, 
what's on the display. Not surprising- 
ly, traffic-law disclaimers and such load 

The clip continually failed to 
hold the pedometer in place; 
thus, a car crushed the 
pedometer at a gas station. 



Drivers and passengers can also get in 
the way of the unit's display. 

The touch-sensitive screen works 
accurately using the stylus or a finger, 
which is convenient while you're driv- 
ing. The basic GPS functions, which 
are based on an SiRF Technology chip 
set, worked flawlessly (Link 2). 

But the software you use to enter des- 
tinations and points of origin to create 
routes is a circular maze of frustration. 
The documentation isn't much help, 
although, I confess, I prefer to learn to use 
such devices by trial and error. The maps 
initially reside on a CD, and you must 
download them from a PC into the 
autoresident unit by means of a USB 1 . 1 
port, which is slow. The unit, which is 
based on a 300-MHz Intel XScale 
PXA255 ARM microprocessor, comes 
with a scrawny 128-Mbyte secure-digital- 
memory card, which holds about five 
maps (Link 3). (The 
Boston area 
one map, for 
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I had fun with this loaner product 
from Pharos and would urge any poten- 
tial buyer to read additional reviews, in 
addition to my brief appraisal, before 
shelling out $500 (Link 4). My beef isn't 
so much with the electronics or even 
with the funky software but with the 
mechanism that holds the unit in place. 

The Omron HJ-112 walking-style 
pedometer suffers from similar prob- 
lems. Bending forces the belt clip to 
snap off. In fact, I've already lost one for 
this reason. 

Still, as a daily walker, I love this sim- 
ple, yet powerful, gadget, which meas- 
ures total and aerobic steps, distance, 
and the calories you bum. It also keeps 
a running record for each of the previ- 
ous seven days. (In the office, I average 
5000 to 9000 steps; on weekends, I aver- 
age 12,000 to 15,000.) 

The unit is a nifty motivator, taking 
some of the humdrum out of my strolls 
(Link 5). And although I cannot swear 
to its distance accuracy (inches per stride 
times steps), my sense is that it's close. 
However, some reviews claim that the 
HJ-1 12 overestimates steps (Link 6). I'll 
take those additional steps. 

All manner of walking pedometers, 
speedometers, and odometers abound, 
including those with GPS if you hap- 
pen to get lost a lot (Link 7). But 
designers should first figure out how to 
get such gadgets to stay put. That would 
be one giant stride. EDN 



WEB LINKS 

El http://pharosgps.com/products/ 
ezroad/c_ezroad . htnn . 
a www.sirf.conn/products.htnnl. 
a www.intel.com/design/pca/ 
prodbref/252780.htm. 
n www.pcmag.com/article2/ 
0,1 759,1 763073,00.asp. 
a www.omronhealthcare.com/ 
enTouchCMS/app/viewPromotion? 
promotionld=1 005. 
a http://walking.about.com/cs/ 
measure/a/pedaccuracy04.htm. 
a http://walking.about.com/cs/ 
measure/bb/bybpedometer.htm. 

nifty pedometer worked well 
would have earned a five-star 
it had stayed put. 



. . . Everywhere In Automotive 




1^ Take the easy road ahead to 

successful automotive designs with 
Atmel's dedicated IC solutions. 

From body electronics, chassis, automotive 
security and safety, car infotainment to power train - 
Atmel, the automotive speciaUst, has more than 
20 years of automotive electronics design expertise 
and is a market leader in numerous areas. 

Our certified devices support key appUcation 
areas from flashers, drivers, door modules to Ughting, 
sensor acquisition, and networking, just to name a 
few But that's not all! If you're looking for complete 
system solutions such as tire-pressure monitoring, 
car access, GPS systems and car radio, we're right 
there with you too. 



Adding our high-performance microcontrollers, 
including AVR® and ARM®, and memories, Atmel can 
support your toughest requirements. We can also help 
you as a development partner with a broad range of 
dedicated ASICs based on Intellectual Property (IP). 

When it comes to technology we've really got you 
covered. With dedicated technologies and qualified 
fabs, our high-end products meet the strict 
automotive quaUty demands. 

So whether ASSP or ASIC, Atmel is by your side 
every step of the way Design-ins are supported by a 
full range of kits, software and other tools. If you are 
looking to improve your next automotive design, 
check out why Atmel is Everywhere in Automotive. 



Check out Atmel's Automotive products today at www.atmel.com/ad/automotive 



ASSPs (Chassis, Body Electronic, Security, 


Microcontrollers 


Our fabs are qualified: 




Safety, Car Infotainment, Safety, Power Train) 


(ARM®, AVR®, MARC4, 80C51) 


ISO 9001 :2000 


iflmir 






ISO TS 16949:2002 




ASICs 


Networking (CAN, VAN, LIN, FlexRay™) 


ISO 14001:1996 




Memories 


Sensors Acquisition 




Everywhere You Are® 



© Atmel Corporation 2005. All rights reserved. Atmel®, logo and combinations thereof, Everywhere You Are®, AVR®, and others, are registered trademarks or 
trademarks of Atmel Corporation or its subsidiaries. ARM® is the registered trademark of ARM Ltd. Other terms and product names may be trademarks of others. 




Gage's latest digitizers 
now feature up to 2 GS of 
on-board acquisition memory 




Perform long continuous 
waveform captures... 

• On the CS12400, 2 GS allows 
you to continuously acquire data 
at 400 MS/s with 12 bits of 
resolution for a full 5 seconds 

• Ideal for monitoring radar, sonar 
and communications signals, 
where high sampling rates and 
long captures are often required 

...or segment the memory to 
capture millions of shorter 
waveforms 

• Using Multiple Record Mode, 
you can capture 2,000,000 
waveforms of 1,000 pts each 

• Ideal for scanning/imaging 
applications like ultrasound, 
lidar, radar, and microscopy 

Visit www.gage-applied.com for 

other deep memory digitizers 




Gage Applied Technologies 
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Industry's First High Power Density 1A SOT-23 
Buck Switching Regulators 

The LM2734 and LM2736 are monolithic, high-frequency (550 kHz 
and 1.6 MHz), PWM step-down DC-DC converters in six-pin, thin 
SOT-23 packaging. 

With a minimum of external components and support through 
WEBENCH® online design tools, the LM2734/36 are easy to use. 
The control circuitry allows for on-times as low as 13 ns, thus 
supporting exceptionally high frequency conversion over the 
entire 3V to 20V input operating range down to the minimum 
output voltage of O.SV. Switching frequency is internally set to 
550 kHz (LM2734n 1-6 MHz (LM2734XL or 3.0 MHz (LM2734Z), 
allowing the use of extremely small surface-mount inductors 
and chip capacitors. External shutdown is included, featuring an 
ultra-low stand-by current of 30 nA. The LM2734/36 utilize 
current-mode control and internal compensation to provide high- 
performance regulation over a wide range of operating conditions. 




Features 

■ 3.0\/ to 20V input voltage range 

■ 0.8V to 18V output voltage range 

■ 1A output current 

■ 550 kHz (LM2734Y), 1.6 MHz (LM2734X), and 3.0 MHz 
(LM2734Z) switching frequencies 

■ Internal soft-start 

■ WEBENCH® design tools available 

■ Available in thin SOT23-6 packaging 

The LM2734/36 are ideal for use in local point-of-load regulation, 
core power in HDDs, set-top boxes, battery-powered devices, 
USB-powered devices, DSL modems, and notebook computers. 

www.national.com/pf/LM/LM2734.html 
www.nationaLcom/pf/LM/LM2736.html 
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100V Power MOSFET Drivers 

The LM5100/01/05/07 
high-voltage gate drivers 
are designed to drive both 
the high-side and the low- 
side N-Channel MOSFETs 
in a synchronous-buck or 
half-bridge configuration. 
The floating high-side 
driver is capable of 
operating with supply voltages up to 100V The outputs are 
independently controlled with CMOS-input thresholds (LM5100) 
or TTL-input thresholds (LM51 01/05/07). An integrated 
high-voltage diode is provided to charge the high-side gate drive 
bootstrap capacitor. A robust level-shifter operates at high 
speed while consuming low power and providing clean level 
transitions from the control logic to the high-side gate driver. 
Under-voftage lockout is provided on both the low-side and the 
high-side power rails. 
Features 

■ Drives both a high-side and low-side N-channel MOSFET 

■ Independent high-and low-driver logic inputs 

■ Bootstrap supply-voltage range up to 118V DC 

■ Fast propagation times (25 ns typical) 

■ Drives 1000 pF load with 15 ns rise and fall times 

■ Available in SOIC-8, LLP-8, and LLP-10 packaging 

These devices are ideal for use in cascade current-fed or 
voltage-fed converters, half- and full-bridge power converters, 
high-voltage buck DC-DC converters, solid-state motor drivers, 
and solid-state solenoid drivers. 

www.nationaLcom/pf/LM/LM5100.html 
www.nationaLcom/pf/LM/LM5101.html 
www.nationaLcom/pf/LM/LM5105.html 
www.nationaLcom/pf/LM/LM5107.html 
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Thermal Issues and Solutions in Power Management 



Power converter design is a multi- 
disciplinary process; an effective 
designer needs to understand 
analog and mixed-signal circuit design, 
wound components, electromagnetic 
compatibility, packaging, and thermal 
design. Packagirlg and thermal design are 
driven by increased power density and 
the many trade-offs in power topology 
selection. The challenging environment 
in equipment destined to power the 
expanding information infrastructure 
brings thermal design into sharp focus. 

The world of modular DC-DC 
converters or "bricks" is evolving at a 
rapid pace since the first full-brick was 
commercialized in the mid-eighties. 
For instance, the sixteenth-brick format is 
1.2 square inches of PCB area with a 
staggering 33W to 50W throughput. 

The telecom bus operates over a wider 
range, 36V to 72V, than its datacom 
counterpart that has a tighter tolerance. 
A bus converter converts this bus with 
isolation at each card (the first use of 
the brick format). The on-card power 
is then applied directly to the load 
circuits. However, in recent years the 
proliferation of DSP and digital ASICs 
has spawned an intermediate bus 
architecture in which the bus converter 
delivers an isolated 12V to 14V, which 
is further converted by point-of-load 
regulators, physically located at the loads 
on the card. 

Once the power supply designer 
has selected the topology to match the 
application, considered the number of 
power conversion stages l and whether 
the converter is hard- or soft-switched, 
then the switch and rectifier selection 
takes center stage. Most bricks employ 
power MOSFETs for the power switches 



and low- voltage synchronous rectifiers. 
MOSFET technology has evolved 
considerably, presenting the designer 
with trench devices with benchmark 
l^DS-ON arid planar devices with 
low inter-electrode capacitance. Device 
selection, once the voltage and current 
rating has been established, depends on 
which characteristic, switching speed or 
Rds-ON dominates the loss. In recent 
times the ratio of Cqg to Cqs has 
influenced designers as an indicator of 
the likelihood of shoot-through in 
high-power, high-frequency, half-bridge 
power stages. 

Switching Frequency & EMI Trade-offs 

A perennial trade-off is that of switching 
frequency with efficiency and 
electromagnetic interference. Switching 
losses in the power switches, rectifiers 
and control circuitry increase with 
switching frequency. In modular 
DC-DC converters, increasing frequency 
is desirable as it drives down the size of 
the filter and energy storage components. 
However in hard-switched applications, 
the increased high-frequency harmonic 
content in the power devices results in 
larger displacement currents in the stray 
capacitances between devices and heat 
sinks or power planes, and through the 
interwinding capacitance of transformers. 
Such displacement currents manifest 
themselves as common-mode interference. 

In DC- DC converter control and drive 
applications, IC design and packaging 
has embraced the challenge presented by 
the brick environment. At the circuit- 
design level, increased integration, 
in-board, high-voltage regulators, higher 
clock frequencies and low shoot- thro ugh 
drivers with programmable slew rate are 
available for new designs^. A key issue in 



power IC design is that of thermal 
regulation. Power ICs have integrated 
drivers, regulator pass transistors and 
power switches arranged at the periphery 
of the die next to the bond pads. As these 
devices operate, heat conducts through 
the body of the die creating a thermal 
"map" with isotherms (contour lines of 
constant temperature). Certain sub-cir- 
cuits, particularly differential circuits 
where matching is critical, are adversely 
affected if the individual transistors are 
positioned on different isotherms. 
IC layouts must be adjusted such that 
transistors in such applications see the 
same temperature, at the same time, 
when the device is operating, which is 
not a trivial task. Photomicrographs of 
power ICs often reveal devices that are 
cross-coupled for first-order cancellation 
of thermal effects. 




Figure 1. Top and bottom view of an LLP 



The LLP® leadless leadframe package, 
shown in Figure /, is a leadframe-based 
chip scale package (CSP) that enhances 
chip speed, reduces thermal impedance, 
and reduces the printed circuit board 
area required for mounting. The small 
size and very low profile make this 
package ideal for the high component 
density, multi-layer PCBs used in 
modular DC-DC converters. 
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Figure 2. Finite element plot of an LLP 



The LLP has the following advantages: 

• Low thermal resistance 

• Reduced electrical parasitics 

• Improved board space efficiency 

• Reduced package height 

• Reduced package mass 

IC package design is a painstaking 
process involving extensive thermal 
and mechanical modeling coupled with 
fabrication and measurement stages in 
which finite element models (as shown 
in Figure 2) are compared with spot 
measurements on the die or by thermal 
imaging. Generally spot measurements 
on the die are accomplished by 
measuring the forward drop of a diode in 
a test die incorporated within the new 
package. This tried and tested technique 
is used in many of the remote diode 
temperature-sensing devices^ that 
protect the latest generation of micro- 
processors, DSPs and digital ASICs. 
One or more diodes in the test die may 
also be used to inject heat to verify the 
thermal characteristics of the die. 

Package Design & Thermal Properties 

Thermal properties of electronic 
packages^ are characterized by 9ja and 
6jC- 0JA can be defined as an overall 
package thermal resistance, which is the 
sum of package internal and external 
thernial resistance. It can be expressed as: 

ejA = 9jC + eCA = (Tj-TA)/P 

Where: 

6jc: (Tj - Tc)/R junction-to-case 
conductive thermal resistance (°C/W) 

9CA' (^C ' Ta)/P/ case-to-ambient 
convective thermal resistance (°C/W) 



P: I (current) x V (voltage), device heat 
dissipation (W) 

Tj: Average device junction 
temperature (°C) 

Ta: Average ambient temperature (°C) 

Tq: Case temperature at a prescribed 
package surface (°C) 

ejc is dominated by the conductive 
thermal resistance within layers of pack- 
aging materials, and is highly dependent 
on the package configuration. If the heat 
flow is assumed to be perpendicular to 
each layer of the packaging material, Sjc 
may be expressed as: 
XtiAki Ai) 

Where t\, kj, and A\ are the thickness, 
thermal conductivity, and heat transfer 
surface area of each packaging material 
layer, e.g., die-attach material, lead 
frame, die coating, and encapsulant or 
mold compound. 

6cA is the external convective thermal 
resistance. It is greatly affected by 
adjacent ambient conditions, package 
boundary conditions, and conjugate 
heat transfer. In the LLP, low junction to 
ambient thermal resistance is primarily 
affected by reducing the resistance from 
the thermal plane on the PCB to the 
junction. The cross-section in Figure 3 




Standard LLP 



Figure 3. Cross-section of an LLP 



shows that the die is soldered to the 
die-attach pad, which is directly soldered 
to the power plane on the PCB. The area 
of the PCB power plane dominates Bqj^, 
in brick applications where conduction 
is the primary method of heat transfer 
and convection cooling is restricted due 
to the diminishing pitch between cards. 



Packaging Comparisons 

The 6cA n^ay be improved by utilizing 
thermal vias in the power plane under 
the device. This improvement is second 
order compared with that achieved by 
increasing the area of the plane to which 
the LLP is soldered. A comparison 
between the LLP and a conventional 
small-outline package with the same pin 
count and die reveals the benefits. 

Let's take an MSOP-8, where the PCB 
area is 15 mm^ compared to an LLP-8 
which is 9 mm^. The dramatic difference 
is in the thermal resistance where the 
LLP-8 exhibits a thermal resistance (6jc) 
of 40°C/W versus 200°C/W for the 
MSOP-8. 

In conclusion, a modular DC-DC 
converter is a most demanding environ- 
ment for power ICs. The inexorable 
push to higher power density and the 
necessity for higher-efficiency drives 
power IC and package designers to set 
new standards in thermal resistance and 
volumetric efficiency. Giving power 
supply designers a brief glimpse into the 
package design, measurement and 
verification process is an important part 
of launching a new standard, particularly 
in power applications where new discrete 
power packages are a frequent part of the 
landscape. M 
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AC-DC Current-mode PWM Controller 

The LM5021 off-line pulse width modulation (PWM) controller 
contains all of the features needed to implement highly efficient 
off-line single-ended flyback and forward power converters using 
current-mode control. The LM5021 features include an ultra-low 
(25 pA) start-up current, which minimizes power losses in 
the high-voltage start-up network. A skip-cycle mode reduces 
power consumption with light loads for energy-conserving 
applications (such as ENERGY STAR®. CECP). Additional features 
include under-voltage lockout, cycle-by-cycle current limit, 
hiccup-mode overload protection, slope compensation, soft-start 
and oscillator synchronization capability. This high-performance. 
8-pin IC has total propagation delays less than 100 nS and 
a 1 MHz-capable oscillator that is programmed with a single 
resistor. 
Features 

■ Ultra-low start-up current (25 pA maximum) 

■ Current mode control 

■ Skip-cycle mode for low standby power 

■ Single-resistor programmable oscillator 

■ Synchronizable oscillator 

■ Available in MSOP-8 and MDIP-8 packaging 

The LM5021 is ideal for use in off-line, telecommunication, and 
consumer applications. 

www.national.coni/pf/LIVI/LIVI5021.html 



800 mA Sub-bandgap Low-noise Adjustable 
Voltage Regulator 

The LP3878-ADJ is an 800 mA adjustable output voltage regulator 
designed to provide high-performance and low-noise in applica- 
tions requiring very low-output voltages. Output noise is typically 
18 pV with a 10 nP capacitor to the bypass pin. 
Using an optimized VIP (Vertically Integrated PNP) process, the 
LP3878-ADJ delivers superior performance including ground pin 
current that is typically 5.5 mA at 800 mA load, and precision 1 % 
output voltage accuracy at room temperature. In addition, when 
the shutdown pin is pulled low. quiescent current is less than 
10 pA. 
Features 

■ Input voltage range 2.5V to 1 6V 

■ Adjustable output voltage range 1.GV to 5.5V 

■ 475 mV dropout (typ.) at 800 mA (Vqut = 3-8V) 

■ Designed for use with low ESR ceramic capacitors 

■ 18 pV (typical) output noise 

■ <10 pA quiescent current in shutdown 

■ 1 % Vqut accuracy at room temperature 

■ -40°C to +125''C operating temperature range 

■ Over-temperature /over-current protection 

■ Available in PSOP-8 and LLP-8 packaging 




The LP3878-ADJ is ideal for use in medical instrumentation, ASIC 
power supplies: in desktops, notebooks, and graphics cards; 
in set-top boxes, printers and copiers; in DSP and FPGA power 
supplies; and in SMPS post-regulators. 

www.nationaLcom/pf/LP/LP3878-ADJ.html 



© National Semiconductor Corporation, 2005. National Semiconductor LLP and WEBENCH are registered trademarks of National Semiconductor Corporation. 
All other brand a product names are trademarks or registered trademarks of their respective holdeis. 
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whatever direction you choose^ Gore gets you 
optimal performance without speed limits. 
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Radically 
Reduced 
Footprints 
witli Intersil's 
k Integrated 
k FETs 



DC/DC Solution 
Stepping All Over 
Your Board? 

Reduce your PCB footprint to an incredible 
300 mils X 600 mils with Intersil's highly 
efficient 0.6Ato 2A DC/DC Switching 
Regulators with Integrated MOSFETs. 

Intersil's EL7530, EL7531 , EL7532, EL7534 and EL7536 family of DC/DC 
buck regulators with integrated MOSFETs are simple to use, compact and 
full-featured. Their high efficiency makes them especially well suited for 
battery-operated products. 

EFFICIENCY vs Iqut (V|n=5V) 











Vo=3.3V 
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The EL7530/EL7531 
devices inlcude pulse 
frequency mode (PFM) and 
pulse width modulation 
(PWM) for high efficiency in 
standby or at fuil load. 
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EL753X Evaluation 
Board with 300 mils x 
mils footprint. 



for precise power delivery. 

irks or services marks owned by Intersil Corporation 
iountries: Intersil (and design) and i (and design). 



EL753X Features: 

Extremely small 0.6A - 2A synchronous 
buck switching regulators 

— V|N = 2.5V -5.5V 

^ 96% maximum efficiency 

— 1 00% duty cycle (Vq close to V|n) 

1 .4MHz fixed PWM with small passives 

^ PFM/PWM auto-switchable (EL7530 
and EL7531) 

120|jA quiescent current 

Applications: 

Core Power Supply, Communications 
Equipment, Storage Systems, WLAN, 
Pocket PCs, Wireless Web Browswers, 
GSP Navigators, Digital Cameras, 
Barcode Scanners, Portable Instruments, 
Language Translators 




Datasheet, free samples, and 
nnore information available at 
www.intersil.com/edn 
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"Terminator" causes no panic, 
keeps fast signals from coming back 

For high-speed digital lines, the CHC series of termination networks from the 
IRC Division of TT Electronics maintains maximum signal integrity with nine 
Thevenin pairs in an 18-resistor array. According to Jerry Seams, application 
manager, "The terminators provide both pullup and pulldown functions, and the BGA 
package eliminates wire bonds, reducing parasitic capacitance." These Thevenin pairs 
typically find use in DDR memory ECL/PECL (emitter-coupled-logic/positive-ECL) 
and single-ended and differential-signal terminations. 

The vendor fabricates the devices from tantalum-nitride thin-film elements, and they 
resist the corrosion that may occur with nichrome elements in humid applications. 
Absolute TCR (temperature coefficient of resistance) is ± 1 00 ppm/°C. The elements 
are available in a wide range of values, as standard or custom orders, with the BGA 
package in a JEDEC-standard 8-9A size. The price is less than $1 (1 0,000). 

-by Bill Schweber array, which is available in a BGA package 
>TT Electronics IRC Advanced Film Division, www.irctt.com. for minimum size and parasitic capacitance. 




Damp those ringing high-speed signals 
with the Thevenin-termination-pair resistor 



Energy-metering IC targets range of applications 



STMicroelectronics has released the STPM01 chip, 
which focuses on various electricity-metering is- 
sues and can function as a stand-alone power me- 
ter in low-end equipment or as a peripheral in com- 
plex microprocessor-based meters for remote me- 
tering, reactive power management, tamper detec- 
tion, and other applications. The chip comprises an 
analog-front-end interface for low-, medi-um-, and 
high-end meters and includes analog, signal con- 
ditioning; two ADCs; a hard-wired DSP; an SPI in- 
terface to an external microcontroller; a block of 56 
OTP (one-time-programmable) bits for meter calibration and con- 
figuration; a VFC (voltage-to-frequency converter); and two-current 
limited, low-drop voltage regulators for 3V analog and 1 .5V digital 
circuitry. 

According to Fabrizio Librizzi, marketing and technical engineer 
for the company's Microcontroller, Linear, and Discrete Group, the 
chip's analog front end allows it to be compatible with various sen- 
sors, including shunts, current transformers, and Rogowski foils. 
And, depending on which type of meter the STPM01 resides in, it 
can provide users with real-time-meter information through a com- 
bination of passive and secondary components and LCDs and au- 
tomatic feature-reading functions. These functions transmit ener- 




The STPM01 chip uses an ana- 
log front end, which makes it 
compatible with various sensors, 
including shunts, current trans- 
formers, and Rogowski foils. 



gy readings to a central line, such as power-line 
modems, GSM (global system for mobile commu- 
nications), and other applications. 

"The big difference," says Librizzi, "is application 
management on the front end. Modularity is the 
same [in different meters] because of the analog 
front end, as is the interface for the electrical line, 
although the functions of the meters vary. From a 
silicon point of view, it is the same device." The 
STPM01 provides energy-related information 
without any type of "ripple." This approach, in turn, 
gives meter designers accurate and current information without av- 
eraging multiple current readings. 

Engineers can digitally perform soft calibration-calibrating two 
or three parts of a current range to check on the linearity of a me- 
ter—to the device before installing it, which saves time and money 
Designers can also program the chip for different sensors, allow- 
ing them to configure OTP blocks and design one board for vari- 
ous products, which shortens development time. The STPM0 1 op- 
erates over a mains-voltage range of 40V to 3 kV rms and a line 
frequency of 45 to 65 GHz. It is now available for sampling and 
costs $2 (1 000).-by Jeff Barman 
STMicroelectronics, www.st.com. 
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Connector has 

nonmagnetic 

appeal 

Specialty applications of- 
ten require special com- 
ponents, such as 
Am phenol's modified ver- 
sion of its established 
Amphe-Lite series of con- 
nectors. The new version 
provides a nonmagnetic 
interconnect for applica- 
tions such as MRI (mag- 
netic-resonance imag- 
ing), in which magnetic 
materials distort the in- 
tense magnetic field and 
affect image quality, and 
SQUIDS (superconduct- 
ing-quantum-interference 
devices). The connector 
housing comprises com- 
posite materials, and, 
when you mate them, 
they meet IP67 ratings. 

The nonmagnetic con- 
tacts handle power, sig- 
nal, and coaxial cabling, 
ranging from a single 
twinaxial contact to 128 
contacts that accept 
crimped #22 AWG 
through #28 AWG, in var- 
ious combinations. A 
mated pair sells for $20. 
-by Bill Schweber 

Amphenol Industrial 
Operations, www. 
amphenol-industrial.com. 





Nonmagnetic connectors in 
the Amphe-Lite series pre- 
vent a disturbance in the 
field, which adversely af- 
fects the operation of instru- 
mentation such as MRI ma- 
chines and SQUID units. 
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Single-chip WLAN device 
supports MIMO 



Wire-line- and wire- 
less-communica- 
tion silicon provider 
Metalink Broadband has in- 
troduced the MtW81 70 base- 
band chip, which is the com- 
pany's second WLAN (wire- 
less-LAN) offering in the last 
month. The new offering com- 
plements Metalink's MtW- 
8150, a single-chip WLAN 
RF device that supports 
MIMO (multiple-in, multiple- 
out) designs. It comprises two 
RF chains for wireless-video 
distribution in home environ- 
ments for data rates begin- 
ning at 200 Mbps. The com- 
pany says that the combina- 
tion of the MtW8170 and the 
MtW8150, which it calls 
WLANPIus, will comply with 
an as-yet-undefined 802.1 1 n 
standard and will find use in 
digital-video recorders, set- 
top boxes, HDTVs, media 
adapters, and other applica- 
tions to provide multimedia 
connectivity in a home envi- 
ronment. 

Ron Gates, Metalink's vice 
president of sales and mar- 
keting, says that the chip sup- 
ports 2X2 RFIC MIMO, oper- 
ates faster than 240 Mbps, 
and supports the 802.1 1e 
QOS (quality-of-service) stan- 
dard. Along with Ml MO, WLAN- 



PIus uses a MAC (media-ac- 
cess-control)-agg rogation 
scheme and channel bonding 
for increased gigahertz per 
channel, enhanced perform- 
ance, and higher throughput 
rates in an LPDC (low-densi- 
ty-parity-check) format with 
40-MHz bonded channels for 
extended throughput and 20- 
MHz bonded channels for 
backward compatibility with 
802.11a products. Channel 
bonding would suit 802.1 In 
and is not available in com- 
petitors' offerings, such as 
those from Airgo Networks 
(www.airgonetworks.com). 

Another notable benefit of 
the WLANPIus platform is 
that it operates in a 5-MHz 
band, unlike Airgo, which uses 
a 2.4-GHz band for Centrino- 
based laptops. A major differ- 
ence between the two bands 
is that 2.4 GHz has only four 
available channels, whereas 



the 5-GHz band has 20 chan- 
nels, which are critical for 
video transmission and are 
noise-free. And with a 5-GHz 
band, no dropped packets oc- 
cur, and video feeds arrive in 
the order they were transmit- 
ted to get a high level of 
broadcast-video quality. The 
5-GHz band also does not in- 
terfere with other devices or 
Bluetooth- and microwave- 
based bands. "Working off a 
cleaner spectrum should al- 
low for better OOS of wire- 
less-video distribution and will 
provide a greater range and 
bandwidth that is more suit- 
able for home-video distribu- 
tion, unlike 801 .1 1 g and 
802.1 la/g chips," says Sam 
Lucero, an analyst at In- 
Stat/MDR. 

Metalink's MtW8170 will be 
available in sample quantities 
during the next quarter, and 
company officials say they tar- 
get a price of approximately 
$25 (high volumes) for the 
chip set-by Jeff Berman 
Metalink Broadband, 
www.metalink.co.il. 



a FEEDBACK LOOP 

"I have difficulty trying to mentor 
junior engineers when they believe 
they already know it all. People don't 
mind being told what to do, but they 
don't care to be told how to do it." 

Joseph Travis in EDM's Feedback Loop on www. edn. conn/ 
articie/CA601846. Add your comments. 
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Based on the Embedded 
Platform for Industrial 
Computing (EPIC), the EPX-C3 
combines the processor and I/O 
functions required for medical, 
transportation, instrumentation, 
communication, MIL /COTS, 
security, and other demanding 
applications. 

Fanless 733MHz C3 Processor 
Up to 2GB Flash memory 
4x AGP CRT/LCD controller 
10/100 Mbps Ethemet 
USB 2.0 support 
4 COM channels 
24 Digital I/O lines 
EIDE, FDC, and Kybd controllers 
PC/104 & PC/104-P/ws expansion 
-40°C to +85°C operation 
Size: 4.5"x 6.5" (115mm x 165mm) 
Quick Start Developers kits for Windows® 
XP, CE, and Linux 

Profit from our proven experience. We 
look forward to the opportunity to dem- 
onstrate how our success in the industrial 
market can work for you. 



Call 817-274-7553 or 

Visit www.winsystems.cofn 

Ask about our 30-day 
product evaluation! 



WinSystems' 



epic 



f Microsoft® 
Windows* 
». Embedded 



Platinum Vendor I 
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715 Stadium Drive • Arlington, Texas 76011 
Phone 817-274-7553 • FAX 817-548-1358 
E-mail: info@winsystems.com 

Enter 9 at www.edn.com/info 
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US military to adopt mobile- 
base-station technology 



Software-defined-radio 
vendor Vanu Inc recent- 
ly demonstrated a pro- 
totype of a mobile GSM (glob- 
al-system-for-mobile-commu- 
nications) cellular base station, 
which the company based on 
its proprietary Anywave all- 
software GSM base station. 
The US Army base at Fort Dix, 
NJ, will use the devices. The 
Army used Vanu's Anywave 
with satellite-backhaul tech- 
nology from Globalstar (www. 
globalstar.com) to ensure that 
communications systems were 
in place and functional while 
military vehicles were moving. 
Vanu received a development 
contract in June 2004 from 
the US Army CERDEC (Com- 
munications Electronics Com- 
mand Research, Development, 
and Engineering Center, www. 
monmouth.army.mil/cecom/ 
rdec/about.htm) to develop 
the technology 

During the demonstration 
period, Vanu mounted the de- 
vices and other equipment 
onto Humvees. The equip- 
ment comprised three GSM 
networks, each integrating a 
prototype Anywave GSM cel- 
lular base station, a Hewlett- 
Packard (www.hp.com) 2.0 
NEBS (Network Equipment 
Building Standards)-compli- 
ant server, and a Globalstar 
satellite. This deployment, ac- 
cording to Alok Shah, Vanu's 
director of product manage- 
ment, helped each Humvee 
unit achieve communications 
in localized areas, even if it 
lacked communication with 
the rest of the world. "The lux- 
ury of [employing call-con- 
necting devices] in case 
satellite connections were 
down was not an option," says 
Shah. 



A basic mobile-switching- 
center technology in Anywave 
handles call-control functions 
and register handsets. The 
Globalstar satellite links en- 
able the units to call one an- 
other through audio feeds 
and control signaling. If a 
satellite is unavailable, two 
users near one Humvee can 
still communicate over a net- 
work without an available 
satellite link. One Globalstar 
satellite link supports commu- 
nications for a moving vehicle 
and as many as 30 Type 1 se- 
cure headsets within a three- 
to five-mile range. These 
satellite links need not point 
in a specific direction to con- 
nect with a satellite, unlike the 
standard-cell macro deploy- 
ments that the military com- 
monly uses. 



The size, weight, and power 
of these systems are critical 
because the Humvees have 
limited space for extra equip- 
ment. "Typically a system made 
up of off-the-shelf compo- 
nents could not fit into a 
Humvee," says Shah. "We will 
work on shrinking [these com- 
ponents] in future demonstra- 
tions and deployments. By 
compressing the backhaul to 
get information sent to the 
same links, we could work with 
smaller form factors and limit- 
ed bandwidth." 

John Winn, Vanu's vice 
president for sales and mar- 
keting, says that the compa- 
ny will increase its focus on 
ruggedizing the system for 
harsh environments and offer 
systems in different frequen- 
cy ranges, with an eye on in- 
tegrating a 900-MHz front 
end for in-building penetra- 
tion.— by Jeff Berman 
u Vanu Inc, www.vanu.com. 




The US military has mounted prototypes of the Anywave GSM 
base station on Humvees. 



m FEEDBACK LOOP 

"From what I've seen, the best, 
brightest engineers have nothing to 
worry about— not even from the 
Chinese, Koreans, and Indians. There 
is always a place here for a talented 
engineer who can make money for 
the company no matter what busi- 
ness environment we are in " 

"Jack Daniels" in EDM's Feedback Loop on www.edn.com/ 
article/CA529820. Add your comments. 



Ethernet takes 
to industry 

Not too long ago, many 
pundits said that Ether- 
net would be unsuitable 
for industrial, medical, or 
field applications. How- 
ever, the momentum of 
the standard and its per- 
formance improvements 
proved them wrong. A 
successful installation, 
however, does mandate 
connectors that can 
withstand abuse and en- 
vironmental conditions. 

One such connector, 
the industrial circular- 
Ethernet connector from 
Tyco Electronics, is a 
sealed RJ-45 device with 
a quick-connect bayonet 
coupling mechanism 
that meets the ODVA 
(Open Devicenet Ven- 
dors Association) inter- 
operability specification 
and IP67 sealing require- 
ments for Category 5e 
cables. The positive-lock 
coupling ring ensures 
proper mating and reten- 
tion between connector 
halves. Tyco offers the 
connector for $1 8 to $20 
per mated pair (500) in 
pass-through and field- 
installable versions; the 
company also offers a 
protective cover for en- 
hanced rugged ness. 

-by Bill Schweber 

Tyco Electronics, 
www.tycoelectronics. 



Take Etiiernet to the factory 
floor or field with these 
circular connectors from 
Tyco. 
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IS YOUR CURRENT FPGA DESIGN SOLUTION 

HOLDING YOU BACK? 



FPGA Design Ever feel tied down 





because your tools didn't support the FPGAs 
you needed? Ever spend your weekend 
learning yet another design tool? Maybe it's 
time you switch to a truly vendor independent 
FPGA design flow. One that enables you to 
create the best designs in any FPGA. Mentor's 
full-featured solution combines design 
creation, verification, and synthesis into a 
vendor-neutral, front-to-back FPGA design 
environment. Only Mentor can offer a 
comprehensive flow that improves 
productivity, reduces cost and allows for 
complete flexibility, enabling you to always 
choose the right technology for your design. 
To learn more go to mentor.com/techpapers 



or call us at 800.547.3000. 



DESIGN FOR MANUFACTURING + INTEGRATED SYSTEM DESIGN 
ELECTRONIC SYSTEM LEVEL DESIGN + FUNCTIONAL VERIFICATION 



^Menlor 
Graphics* 

THE EDA TECHNOLOGY LEADER 

Enter 1 at www.edn.com/info 



©2005 Mentor Graphics Corporation. All Rights Reserved. Mentor Graphics is a registered trademark of Mentor Graphics Corporation. 



IrDA gets faster, grows 
into new applications 

RF wireless, in the form of Bluetooth, WiFi (Wireless 
Fidelity), UWB (ultrawideband), and RFID, is getting lots 
of attention. However, basic IrDA (infrared Data 
Association) technology is still an appropriate, cost-ef- 
fective link for many applications, especially with its 
simple protocol, lack of setup complications, well-de- 
fined functions, low power, and low cost. Because an in- 
sufficient data rate can impede its acceptance in some 
applications, Vishay's latest IrDA transceivers support 
the 4-Mbps FIR (fast- infrared) specification, and the 
company will soon support the 16-Mbps VFIR (very-fast 
infrared) with a device and an associated controller. 

Typical applications are transfer of high-resolution 
camera-phone photos; transfer between mobile periph- 
erals, such as MP3 devices; and in-home multimedia 
systems. According to Jim Toal, marketing manager at 
Vishay, "FIR is coming back into notebooks in Japan." 
Furthermore, according to Heinz Nather, PhD, Vishay's 
vice president of the Sensors and IRDC Division, the de- 
vice lets users transfer a 329-kbyte, 1280X960-pixel im- 
age in 1.5 sec using FiR-25 sec faster than SIR (stan- 
dard infrared) at 115 kbps. 

The TFBS671 1 and TFBS6712 FIR transceivers, which 
have different I/O voltages to match different system-in- 
terface requirements, measure 6X3 mm with 1.9-mm 
height and operate from 2.4 to 3.6V supplies. They sup- 
port 4-Mbps transfer over 50-cm paths and conventional 
RC (remote-control) signals at 6.5m, through the use of 
IR emitters that closely match the wavelength of these 
ubiquitous RC receivers. Shutdown current is 0.01 |jlA, 
and idle supply current is 1 .7 mA. The devices sell for $2 
(OEM quantities).-by Bill Schweber 
K Vishay intertechnology Inc, www.vishay.com. 
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Architecture targets 
USB applications 



Structured -ASIC start-up 
ChipX, formerly Chip 
Express, is releasing a 
new structured-ASIC architec- 
ture with an initial device fam- 
ily focusing on applications us- 
ing USB 2.0. Elie Massabki, 
vice president of marketing at 
ChipX, says that the new 
CX6000 architecture offers 
users two, three, or four metal 
layers to design with in an ar- 
chitecture that comprises 
eight layers. Users can cus- 
tomize metal layers three 
through six, but layers one and 
two handle local interconnect, 
test lines, and a clock tree, and 
layers seven and eight hold 
the power grid. 

ChipX implemented the de- 
vices in UMC's (www.umc. 
com) 130-nm process. They 
have a maximum operating 
frequency of 250 MHz and a 
normal operating voltage of 
1.2V. The CX6000 devices 
feature four low-jitter corner 
PLLs operating at 10 MHz to 
1 GHz and synthesizable 
DLLs running at 50 to 500 
MHz for deskewing and fre- 
quency multiplication. The 
family features synchronous 
SRAM in 9-kbyte blocks, 
which designers can configure 
in the devices' programmable 
metal layers as 1024X9, 
512X18, and 256X36 bits. 
Each of those blocks is 
writable in 9-bit-wide words 
and comes in single-port, dual- 
port, or FIFO versions; average 
single and dual ports run at 
740 MHz at 1.2V. Memory 
blocks have a BIST (built-in- 
self-test) controller. 

I/O structures include LV- 
TTL (low-voltage transistor-to- 
transistor logic), low-voltage 
CMOS, 840-Mbps LVDS (low- 
voltage differential signaling). 



LVPECL (low-voltage positive- 
emitter-coupled logic), HSTL 
(high-speed transceiver logic), 
SSTL (stub-series-terminated 
logic) 18/2/3, DDR, PCI, 
PCIX, and XOSC. I/O voltage 
ranges from 1.5 to 3.3V, and 
individual drive strength 
ranges from 2 to 1 6 mA. 

The first offering in the 
CX6000 family is the CX- 
6200, which targets applica- 
tions using USB 2.0. "USB is a 
large market and an industry 
standard, and there is a great 
need in the market for USB in 
a structured ASIC," Massabki 
says. 

Wouter Suverkropp, strate- 
gic marketing director, says 
that, because USB requires a 
full subsystem, including PHYs 
(physical layers), controller IP 
(intellectual property), and a 
processor, the devices have 
been difficult to implement on 
standard-cell SOCs (systems 
on chips) and have been virtu- 
ally nonexistent on FPGAs. 
According to Massabki, 6 mil- 
lion USB devices are on the 
market this year, and that num- 
ber should increase by 2 mil- 
lion over the next two years. 

The CX6200 includes a full 
subsystem for USB applica- 
tions, including the USB 2.0 
high-speed, USB OTG (On- 
the-Go) PHY and controller IP 
and a synthesizable 8051 
processor to control the USB 
functions. The CX6200 de- 
vices have 1 40,000 to 1 .8 mil- 
lion designable gates, 233 to 
1037 Mbytes of memory 105 
to 280 configurable l/Os, and 
56-pin OFN to 456-ball BGA 
packages. Prices for the small- 
est CX6200 devices will start 
at $5 (100,000). 

-by Michael Santarini 

ChipX, www.chipx.com. 



a FEEDBACK LOOP 

"Every circuit path forms a loop 
and can have a current induced 
in it by magnetic field from outside 
the board. Ground fill, together 
with a ground plane and generous 
use of ground vias, breaks large 
areas into small ones, significantly 
reducing B-field window area and, 
therefore, EMI coupled from 
outside the board." 

Dirk Gaede, in EDM's Feedback Loop on www.edn.com/ 
article/CA601835. Add your comments. 
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Accelerated. Samsung DDR2 memory helps reinvent the notebook. 

Today's must-have notebook PCs feature supercharged performance, great battery life, sleek designs 
and dual-channel DDR2 memory. Get it from the DDR2 leader, Samsung, with the broadest selection 
of fully validated DDR2 SODIMMs. Available at speeds up to 533Mbps and densities from 256MB to 1GB. 
To find out more, visit the DDR2 microsite at www.samsungusa.com/semi/ddr2 



Memory 



Samsung, it's the performance inside J 



©2005 Samsung is a trademark of Samsung Electronics Company, Ltd. All other trademarks are the property of their respective owners. 
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The HKPU design team-from 
left, Lee Chung-ping; Professor 
Lee Yim-shu; Martin Chow 
Hoi-lam, PhD; and Cheng Yiu- 
lam-show off their winning en- 
tries and the Efficiency Chal- 
lenge trophies. 



GLOBAL DESIGNER 



Hong Kong team wins power- 
supply-design contest 



Design contests are big 
things in Asia these 
days, because there is 
a feeling that Asian designers 
lack system-design expertise. 
Therefore, semiconductor com- 
panies, such as On Semi- 
conductor, have started to pro- 
mote design contests in the 
region to improve this defi- 
ciency. Seen in this light, Asian 
designers seem to be doing 
rather well. 

Hong Kong Polytechnic 
University (HKPU, www.polyu. 
edu.hk) won the Grand Cham- 
pion and Best in Class A2 
awards in the Open Category 
in the Efficiency Challenge 
2004 design competition. On 
Semiconductor recently be- 
stowed the awards at the 
APEC (Applied Power Elec- 
tronics Conference) in Austin, 
TX. HKPU's Grand Champion 
winning entry is a power- 
supply design for an exter- 
nal, stand-alone, AA-battery 
charger. The university's sec- 
ond entry, an external power 
supply for a cordless phone, 
won the Best in Sub-Class 
B2. 

The HKPU team, compris- 
ing Martin Chow Hoi-lam, 
PhD; Professor Lee Yim-shu; 
Cheng Yiu-lam; and Lee 



Chung-ping, belong to the 
Power Electronics Research 
Centre in the university's 
Department of Electronic and 
Information Engineering. The 
team used On Semiconduc- 



tor's devices in their award- 
winning design. 

The Efficiency Challenge 
contest featured two major 
categories: the Open Cate- 
gory for power-supply de- 
signs without cost con- 
straints and the Market 
Ready Category for cost-ef- 
fective power-supply designs 
in consumer electronics. 
Companies and universities 
in the United States, Taiwan, 
and Hong Kong participated 
in the contest. 

The HKPU team based its 
AA-battery-charger design 



on On Semiconductor's NC- 
P1 21 5A variable-off-time 
switch-mode power-supply 
controller. The design fea- 
tures 6.25V output voltage, 
2.5W output power, and 0.4A 
output current. The power- 
supply design delivers an av- 
erage active-power efficiency 
of 74% and a no-load power 
consumption of 0.1 6W. The 
judges observed that HKPU's 
AA-battery charger has an 
impressively low parts count 
and that the device delivers 
good efficiency for such a 
low output power. They noted 
also that its no-load power 
consumption of 0.1 6W is re- 
markable. 

-by NS Manjunath, 
EDA/ /As/a 
Applied Power Elec- 
tronics Conference, 
http://apec-conf.org. 



Multistandard software-defined-radio 
adds DRM format 



DRM (Digital Radio Mondiale), a proposed 
standard for digital radio, enables broad- 
casters to reuse frequencies below 30 MHz 
as progressively smaller audiences are lis- 
tening to the conventional services, includ- 
ing AM, long wave, and short wave, in which 
the band operates. DRM uses compressed 
audio and digital 0AM (quadrature-ampli- 
tude modulation) to achieve robust trans- 
mission and reception with added service 
features. 

Broadcasters can achieve extended cov- 
erage—in some cases, continentwide-with 
the same power that previously covered a 
more limited area. Alternatively, they can cov- 
er the same geography with reduced power 
and can package multiple channels in the 
same spectrum allocation. An additional at- 
traction for operators is that using the fre- 
quency often requires only a modest up- 
grade to transmitters. Depending on the data 
rate and codec they use, they can achieve 
near-FM quality. Many broadcasters are al- 
ready experimenting with transmissions. 



Now, RadioScape, which has for some time 
produced modules to receive DAB (digital- 
audio broadcasting), has introduced the 
RS500 module that adds DRM to DAB; 
FM/RDS (radio-data service); and long-, 
medium-, and short-wave radio. This module 
includes the same features as the earlier 
RS300 module, forming the core of a com- 
plete digital radio with pause, rewind, and 
record to an MMC memory card, plus full ac- 
cess to electronic-program-guide data. DRM 
permits features such as frequency shifts, in 
which the broadcaster moves the transmis- 
sion between allocated frequencies in the 
course of a day to cope with the variable na- 
ture of propagation below 30 MHz, enabling 
receivers to track the channel shifts. 
RadioScape recently changed its profile to be 
a manufacturer of complete modules rather 
than a supplier of silicon and provider of li- 
censed module designs.— by Graham Prophet, 
EDN Europe 

RadioScape, www.radioscape.com. 

Digital Radio Mondiale, www.drm.org. 
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Now the shortest distance between a capacitive 
sensor and digital code is a single chip. 




AD7745: Precision and integration 

Resolution: 4 aF (21 ENOB) 
Accuracy: 4 fF 

Power consumption: 700 |jlA 
Capacitance input: pFto 17 pF 
with ±4 pF range 
Package: 16-lead TSSOP 
Price: $4.60 (Ik) 

CDCs also available: AD7746 and AD7747 

. where it matters 

Pressure measurement 
Position sensing 
Level sensing 
Flow meters 
Humidity sensing 
Impurity detection 
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Unequaled accuracy and linearity with up to 65% lower cost 

Now you can precisely measure and convert capacitance signals without all 
the time, expense, and performance problems of multichip discrete solutions. 
Our new AD7745 is a capacitance-to-digital converter (CDC) that combines 
a 24-bit S-A modulator, reference, clock, excitation, temperature sensor, 
calibration, and control registers in a single TSSOP. What used to take from 
six to 12 components can now be done in one innovative IC, with far greater 
accuracy, for up to 65% lower cost. The unique architecture of the AD7745 
includes a patented analog front end interface 
that eliminates the negative effects of external 
parasitics. It's the ideal solution for any high 
precision, space-constrained, and power- and 
cost-sensitive application. 

To sign up for our NetSeminar: 
Leveraging Advanced Converter Architectures 
for impedance and Capacitance Sensors, 
visit www.anaiog.com/CDC 
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7776 AD7745 delivers high precision with unequaied accuracy, 
low noise, and low power. 
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HRESEARCH UPDATE 

BY BILL SCHWEBER 

IC may become 
its own cooler 



A chip-scale refrigerator 
that can cool down to 
200 mK and below 
may provide a new way to im- 
plement cryogenic sensors 
used for extremely sensitive 
instruments. Researchers at 
the N 1ST (National Institute of 
Standards and Technology) 
fabricated these devices using 
a diode sandwich of conven- 
tional metal, insulator, and su- 
perconducting metal, measur- 
ing 25X15 microns (Refer- 
ence 1 ). 

When researchers apply a 
voltage across the sandwich, 
the hottest electrons tunnel, 
following quantum-mechani- 
cal principles, from the nor- 
mal metal-aluminum doped 
with manganese-through 
the aluminum-oxide insulator 
to the superconducting metal. 
This tunneling causes the 
temperature in the normal 
metal to drop and drains elec- 
tronic and vibrational energy 



from the cooling object. 

N 1ST builds the refrigerators 
using standard IC-lithography 
techniques. In the demonstra- 
tion, the researchers cooled 
the contents of a silicon-ni- 
trate membrane, measuring 
450 microns on a side and 0.4 



The four small, light-blue 
rectangles at the midpoints 
of the membrane perimeter 
are chip-scale refrigerators 
that cool the germanium cube 
above it, and the membrane, 
to about 200 mK. 



microns thick, with four such 
microrefrigerators, one at each 
corner of the membrane. On 
top of this membrane, they at- 
tach a germanium cube meas- 
uring 250 microns on each 
edge and weighing 80 ixg. The 
cooled cube's volume is about 
1 1,000 times that of the four 
refrigerator structures, a sig- 
nificant cooling achievement. 
The researchers believe that 
they may be able to reach 
down to 100 mK, suitable for 
a wide range of cryogenic 
sensors. 

[ National Institute of 
Standards and Technology, 

www.nist.gov. 

REFERENCE 

n Clark, AM, et al, "Cooling of 
bulk material by electron-tun- 
neling refrigeration," Applied 
Physics Letters, April 25, 
2005, http://apl.aip.org/ 
apl/covers/86_1 7.jsp. 



Free N 1ST 
software 
enhances scope 
timing 

Researchers at the NIST 
(National Institute of 
Standards and Technology) 
have developed a technique 
for constructing an alterna- 
tive, and more accurate, re- 
duced-jitter oscilloscope 
timebase. The free soft- 
ware, which is suitable for 
new and older units, looks 
at both the signal under 
measurement and the two 
offset reference waves that 
an external source gener- 
ates. The correction method 
can correct time records 
and provide an estimate of 
the residual timing error. 
Details and the timebase- 
correction package are 
available at the project's 
Web site, www.boulder.nist. 
gov/div81 5/HSM_Project/ 
Software.htm. 

[>National Institute of 
Standards and Technology, 

www.nist.gov. 



Optical switch routes single photons 
of quantum cryptography 

Researchers at NTT (Nippon Telegraph and Telephone), Japan, demonstrated switch- 
ing of single photons for use in ultrasecure quantum cryptography, which may super- 
sede public-key systems for even more secure links. (Any attempt to measure or 
eavesdrop on the photon changes its quantum state.) NTT developed the technique 
in collaboration with Stanford University. 

The 8X8 optical matrix uses an interferometer to steer the photons, along with 
much more intense optical signals using the same pathways. By changing the tem- 
perature of one of the two arms of the interferometer, its refractive index and, thus, 
optical-path length changes. The fragile single photon changes paths, as well, in ac- 
cordance with principles of the dual-particle/wave nature of light and quantum theo- 
ry. You can find details at www.ntt.co.jp/news/news05e/0506/050614.html. 

Nippon Telegraph and Telephone, www.ntt.co.jp. 
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A series of engineering insiglits 
by Analog Devices. 



Boost Precision and Accuracy with Single Chip 
Capacitance- and Impedance-to-Digital Converters 



High precision capacitance- and innpedance-sensing applications 
traditionally required a connplex collection of discrete connponents 
that needed to be skillfully connbined together to provide an 
overall nneasurennent solution. Not only was this tinne consunning 
fronn a connponent selection perspective but as each application 
differed slightly, it also required significant design validation, 
evaluation, optinnization, and qualification. 

Overcoming Design Barriers witii New Converter Arciiitectures 

By architecting an optinnized solution that incorporates all 
of the required functionality on a single chip. Analog Devices has 
created two new converters that provide systenn level solutions for 
innpedance and capacitance conversion and deliver higher 
precision and accuracy while reducing size, design tinne, 
cost, and power. This advanced level of integration is particularly 
innportant when processing snnall signals where excess noise, 
connponent tolerances, and tennperature drift can adversely innpact 
nneasurennent accuracy. In addition to providing superior perfornn- 
ance, both converters are available in snnall packages. Applications 
in the industrial instrunnentation, autonnotive, and bionnedical 
sectors can benefit fronn higher precision capacitance 
nneasurennent or sinnplified innpedance analysis— both at lower 
cost and without the inherent connplexities and design linnitations 
of nnultichip discrete designs. 

Convert Capacitive Sensor Signals to Digital with High Precision 

The architecture of the AD7745/AD7746/AD7747 capacitance-to- 
digital converters (CDC), which includes a patented analog front 
end interface, elinninates the negative effects of external parasitic 
capacitance. This architecture opens up high perfornnance applica- 
tions in nnedical instrunnentation (for patient nnonitoring and blood 
pressure nneasurennents), in industrial instrunnentation (for 
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pressure and level sensors and snnart transnnitters), and in 
autonnotive environnnents (for position and level sensing, as well 
as occupancy and proxinnity detection). 

The CDC is suitable for these applications because of its unique 
connbination of high precision, snnall package, low power, low cost, 
low tennperature drift, and low noise. The AD7745/AD7746/ 
AD7747 are available in snnall 16-lead TSSOP packages at 1k unit 
pricing of $4.60 (AD7745/AD7747) and $4.95 (AD7746). 

Measure Impedance More Accurately with 
Mixed-Signal Integration 

The new AD5933/AD5934 innpedance-to-digital converters (IDC) 
put direct digital synthesis (DDS), analog-to-digital conversion. 



GAIN = X2,X1,X 0.4, X0.2 




The AD7745 delivers high precision with unequaied accuracy, 
iow noise, and iow power 



The AD5933 biocl< diagram iiiustrates the advanced ievei of integration 
contained in its singie-chip form factor 

and DSP on a single chip. The IDC nneasures innpedances ranging 
fronn 100 H to 10 MO, excited with an on-chip frequency genera- 
tor of up to 100 kHz. The response signal fronn the 
innpedance is sannpled by the on-chip ADC and its discrete Fourier 
transfornn (DFT) is processed by an on-chip DSP. The DPT 
algorithnn returns both a real (R) and innaginary (I) data word at 
each frequency point (for a sweep), enabling phase and annplitude 
innpedance calculations based on an initial calibration. 
The AD5933/AD5934 are available in snnall 16-lead SSOP pack- 
ages at Ik unit pricing of $4.35 (AD5934) and $6.65 (AD5933). 
For additional product infornnation, go to www.analog.com/CDC 
and www.analog.com/IDC □ 



Author Profiies: James Caffrey is the product marl<eting manager for 
the Precision Converter group atAnaiog Devices, where he is involved with 
product and business development strategy for low voltage DACs. 

Conor Power is the product marketing manager atAnaiog Devices for the 
Instrumentation and Automotive Converters group. 



SIGNAL INTEGRITY 




BY HOWARD JOHNSON, PhD 



2. 



Big hurl 



Atrebuchet hurls its load with a dynamic grace unmatched 
by other ancient machines of war. This ingenious device 
reigned supreme as the ultimate weapon for 1000 years, 
proving the value of a good engineering concept. 
A trebuchet comprises three main components: a source 
of stored energy, a rigid beam acting as a mechanical 
impedance converter, and a lightweight sling — radically increasing effi- 
ciency and launch velocity. 

My daughter Allie recently built one (Figure 1 ). She powered her ten- 
nis-ball-throwing machine with thick rubber straps, forming a substan- 
tial spring. To prepare the device for firing, you pull down on the beam, 
tensioning the straps (not in the pho- fearsome velocity, pulls back on the 



tograph). Figure 2 shows the beam in 
firing position, with the sling feeding 
horizontally back under the mechanism 
to Point A. Here, the ball begins its 
flight nestled in a wire basket that a 
steel trigger securely holds. Release the 
trigger, and the rubber spring. Point B, 
promptly hauls down the short end of 
the beam at Point C, raising the oppo- 
site end and propelling the sling. Point 
D, through a beautiful arc. At Point E, 
one side of the sling slips free from a 
strategically placed pin, releasing the 
load. The whole action, from trigger to 
release, takes 1 70 msec. 

The blue stop-action markings show 
the beam accelerating wickedly at first, 
then slowing as the centrifugal force of 
the ball and sling, whipping upward at 



mechanism. This slowing action is the 
hallmark of a properly designed tre- 
buchet. The spring or counterweight 
first pours energy into the beam, in- 
creasing its angular momentum. Then, 
the whipping action deducts the same 
angular momentum from the beam, 
bringing it to a standstill, pointing 
straight up, devoid of energy at the end 
of the cycle. The only things moving 
after the projectile cuts free are the pro- 
jectile itself and portions of the sling. 




Figure 1 Allie inspects her beam for dam- 
age. 



POINT OF RELEASE 




SPRING 330 FT/LBS 



A BALL 3.5 OZ 
BASKET 0.5 OZ 



Figure 2 During competition, Allie's ball 
left the sling at 228 mph, traveling 235 ft 
into a slight head wind. 



Nothing else harbors residual energy. 
The whipping action transfers almost 
all of the stored energy into the pro- 
jectile. 

A large trebuchet stores about 
140,000 ft/lbs of energy, a massive 
amount of hand cranking. It delivers 
nearly 70% of that energy into the pro- 
jectile, wasting precious little time or 
motion among the artillery crew. In 
contrast, the more primitive mangonel- 
style catapult cradles the projectile in 
a basket affixed to the end of a heavy 
beam. That device wastes most of its 
stored energy accelerating the heavy 
beam, smashing it into the end-stops at 
the point of release. 

If you have studied resonant-mode 
switching power supplies, this energy- 
transfer story may sound hauntingly 
familiar. A good switcher first connects 
a source of power to an inductor, charg- 
ing it with current. The switcher later 
transfers that same energy neatly into 
the load at the end of each cycle. Do it 
right, and the inductor ends each cycle 
devoid of energy — nothing wasted. 

Transmission-line networks involve 
a related process. A transmitter inter- 
acts with the line; the line conveys its 
energy to the load. If all goes accord- 
ing to plan, nothing bounces back, and 
nothing is lost. 

Engineers enjoy a long tradition of 
experience with dynamic processes. 
Over the centuries, they have devel- 
oped many diverse means of dealing 
with them. It is my pleasure to help pass 
along this tradition to a new genera- 
tion. Allie, congratulations on winning 
the 2005 Methow Valley Junior High 
Tennis Ball Catapult Fling. - 



MORE] 



AT EDN.COM 



[+] Go to www.edn.com/050721 hj and 
click on Feedback Loop to post a com- 
ment on this coiumn. 



Howard Johnson, PhD, of Signal Con- 
sulting, frequently conducts technical 
workshops for digital engineers at Oxford 
University and other sites worldwide. Visit 
his Weh site at www.sigcon.com, or 
e-mail him at howie03@sigcon.com. 
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Never stop thinking. 



TALES FROM THE CUBE 



DMITRII DEREVENSKY 



Watching the currents flow 




It was late Sunday evening, and we were still trying to trace 
why the embedded DSL modem was feeding a strange 50- 
MHz carrier into the network — much stronger than -40- 
dB noise allows. And no 50-MHz signal existed on the 
design! Jeremy, the board designer, did his best to lay out a 
six-layer board and placed many bypass capacitors as 
numerous reviews suggest. He also kept power and ground 
planes everywhere on separate layers and kept the analog traces 

as far from noisy digital parts as he 
could. We had a faint hope that the 
board was picking up a spur from a 
clock line 1 in. away; our hope disap- 
peared when the second, improved 
board revision made things worse. 

Building mixed-signal, quiet boards 
is an art, and textbook recommenda- 
tions on layout for signal integrity can 
fail if you take them literally. We could 
have been dealing with inductive cou- 
pling from the currents flowing in the 
ground plane, but my suggestion to 
watch the currents flow in internal lay- 
ers surprised the team. Don't the elec- 
trons simply dive into the ground plane? 

Unfortunately, physics claims that 
currents come only in loops. Even in 
planes, you can find where most of the 
current flows, such as the Gulf Stream 
in the ocean. These currents induce the 
noise in the traces above it, and no way 
exists to shield the magnetic field on the 
board. Finding or predicting these loops 
is part of the art of mixed-signal design. 



WHEN WE TINKERED WITH A 
FEW DEDICATED BYPASS 
CAPACITORS BETWEEN THE 
PAIRS— VOILAI— THE NOISE 
CURRENTS FLOWING OUT OF 
THE CPU AREA SHRANK. 

Once designers find them, they should 
make the loops as local as possible, and 
the low-noise signal traces should never 
run parallel to these currents. 

We made a handy ac-current probe, 
a Magnepick. It is simply a toothpick 
with three to four turns of a thin wire 
making a tiny coil on its tip. It picks up 
the magnetic field parallel to the tooth- 
pick. We connected it to a spectrum 
analyzer (don't forget 5 OH termination) 
and, sniffing with it around the board, 
could — with maximum intensity — 
map the paths of select frequency com- 
ponents. We also made an improved- 
resolution version from the head of a 
floppy drive someone left on the bench. 



(Don't follow our lead if you value 
friendship.) The revelation was striking. 

First, the recommendations for a 1- 
[xF capacitor per digital IC and to not 
break planes were our biggest enemies. 
A cluster of chips exists in the corner 
of the board, with a processor in the 
center. The cluster of bypass capacitors 
also happened to be in the corner, and 
half of the noise current that should 
have been localized around the CPU 
rushed all the way to the corner of the 
board, where the main capacitance was 
concentrated. This path was the one of 
least ac impedance, and electrons 
quickly sensed this opportunity! Our 
analog trace was right above this path. 

Second, not all of the Vgg pins on 
the CPU were equal. Some of them had 
much greater noise and carried currents 
of different frequencies! We could iden- 
tify the pairs oiV^JV^^ that apparent- 
ly belonged to the same unit in the 
CPU by their noise-spectrum distribu- 
tions — a secret the chip designers kept 
to themselves. We also found a 50-MHz 
clock in the design, internal to the 
CPU, when our probe was on top of the 
CPU package and around some pins. 
When we tinkered with a few dedicated 
bypass capacitors between the pairs — 
voila! — the noise currents flowing out 
of the CPU area shrank. 

Although we now marginally meet 
the specification, Jeremy knows what 
he has to do next. He will break the 
V^^ plane into islands around the nois- 
iest chips to isolate the currents into 
much smaller loops. Then, he will put 
ferrite beads (ac impedance) between 
them to break long paths of least resist- 
ance. He will route the analog traces 
away from remaining loops and make 
them orthogonal to reduce the induc- 
tive coupling. And he will hook up his 
bypass capacitors around the CPU close 
to the pairs we found. EDN 

Dmitrii Derevensky is an engineer with a 
large semiconductor company. Like him, 
you can share your engineering war sto- 
ries in Tales from the Cube. Contact 
Maury Wright at mgwright@edn.com. 
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Understanding Noise in Linear Regulators 

By John C. Teel • Analog IC Designer, Member Group Technical Staff 



Types of noise in analog circuits may include thermal, flicker, 
and shot noise, among others. In an LDO application, noise is 
sometimes confused with power supply ripple rejection 
(PSRR). Many times the two are lumped together and loosely 
called "noise" just because both cause unwanted, signals on 
the output. This is incorrect. PSRR refers to the amount of 
ripple on the output coming from ripple on the input. Noise, 
on the other hand, is purely a physical phenomenon that 
occurs with transistors and resistors (capacitors are noise-free) 
on a very fundamental level. 

Noise in an LDO is indicated in two fashions. One is spectral 
noise density, a curve that shows noise {|jV/VHz) versus 
frequency. The other is integrated output noise, also 
commonly called output noise voltage (in pV^ms)' 's simply 
the spectral noise density integrated over a certain frequency 
range and can therefore be thought of as the total noise in a 
specified frequency range. Since the output noise voltage is 
represented by a single number, it is very useful for 
comparison purposes. 

Typically, noise in an LDO is specified as output-referred 
noise (noise occurs throughout the LDO but eventually must 
be referred to the output). The typical approach to finding the 
output- refer red noise of an LDO is first to refer all noise 
contributors to the input of the LDO differential amplifier. To 
refer means to divide each individual noise contributor by the 
gain that exists between it and the op amp input (assuming 
the noise contributor is located downstream on the signal 
path). The next step is now to refer the total input-referred 
noise to the output by multiplying by the closed-loop gain of 
the feedback network. 

AcL,DC)=^, 

^BG 

The closed-loop gain of an LDO is simply where VBG is the 
internal bandgap reference. In many cases VBG is about 1.2 
V (although some LDOs have sub-bandgap references and 
thus a VBG of less than 1.2 V). An LDO with an output 
voltage of 3.0 V will have almost twice the output noise 
voltage of a 1.5-V LDO; therefore it's very important when 
comparing noise on various LDOs always to compare those 
with Identical output voltages. When this isn't possible, an 
approximation can be made by simply taking into account 
the ratio of the two output voltages. For example, when 
comparing the noise voltage of a 3.0-V LDO to that of a 1.5-V 
LDO, either multiply the noise voltage of the 1.5-V LDO by 2 
or divide the noise voltage of the 3.0-V LDO by 2. 




The simplified block diagram in Figure 1 shows the primary 
noise sources in an LDO— the bandgap, the resistor divider, 
and the input stage of the op amp. The effects of some of 
these noise sources can be reduced if the latter are properly 
understood. 

The dominant source of noise in an LDO is usually the 
bandgap. In most cases this is solved by adding a large 
low-pass filter (LPF) to the bandgap output so that none of 
the noise makes it into the gain stage. (This same filter is also 
used to improve PSRR). Typically this LPF is formed with a 
large internal resistor and an external capacitor. In most 
cases the cutoff frequency of this filter is set somewhere 
between 1 and 500 Hz, therefore filtering out nearly all of the 
noise coming from the bandgap. In many cases the down 
side of using too large an RC filter is that the time to charge 
the filtered bandgap increases drastically, which significantly 
slows down the output startup. This can be solved by using 
a low-noise, high-PSRR LDO with a fast-charge circuit such 
as the TPS793/4/5/6XX or one from the TPS799xx family. Even 
with a fairly large noise reduction capacitor of 0.01 |jF, these 
LDOs are still able to start up in only 50 to 100 jjs. 
Another source of noise in an LDO is the resistor divider 
network. This noise is known as thermal noise and is equal to 
4kTR (sometimes called 4kTR noise), where k is Boltzmann's 



Featured in the latest on-line issue 


1 


• Understanding noise in linear regulators 

• Understanding power supply ripple 
rejection in linear regulators 

• Maximizing signal integrity with M-LVDS 
backplanes 

• Auto-zero amplifiers ease the design of 
high-precision circuits 

• Download your copy now at www.ti. com/a 


aj 



Figure 1: Simplified LDO block diagram. 



constant, T is tennperature in Kelvin, and R is the resistance. 
The resistor divider is tied to the input of the LDO differen- 
tial amplifier, so this noise is amplified by the closed-loop 
gain of the LDO. When calculating this noise source, you 
can simply use the parallel combination of R1 and R2 since 
the op amp input sees them as being virtually in parallel. 
Therefore, to reduce this noise source, the most important 
thing to remember is that smaller feedback 
resistors create less thermal noise. Of course, the disadvantage 
of using smaller resistors is that they burn more current 
through the feedback divider; but if noise is of prime 
importance, then this sacrifice must be made. 
The other source of noise is the internal LDO differential 
amplifier, which is usually designed in such a way that the 
input stage has a large amount of gain— more specifically, 
transconductance {Qm)- This is done so that any noise 
coming from devices in the signal path located after the 
input stage have their noise attenuated by the gain of the 
input stage when they are referred back to the input. There 
is nothing outside of the internal circuitry that can be done 
to reduce this noise source. 

Many people are surprised that the huge power pass FET, 
which usually takes up at least half of the total die area in 
an LDO, isn't a primary noise contributor. The reason for 
this is the lack of gain. All of the primary noise sources 
(bandgap, resistor divider, and op amp input stage) are 
connected to the input of the differential amplifier and thus 
are not attenuated by any internal gain. Remember that the 
procedure for finding output noise is first to refer each 
noise contributor to the op amp input; so to find the noise 
from the pass FET you would first divide its noise contribution 
by the open-loop gain that exists between it and the op amp 
input. This gain is typically quite large; therefore, the noise 
contribution from the pass FET is usually negligible. 
Also somewhat surprising is that neither the output capacitor, 
the load current, nor even the input voltage has any direct 
effect on the output noise, at least to a first order. However, 
load current and output capacitance do have an indirect 
second-order effect. As mentioned previously, output noise 
is calculated by multiplying the input-referred noise by the 
closed-loop gain. The closed-loop gain isn't constant at 
Vqut/Vbg over the entire frequency range, and of course it 
eventually rolls off at high frequencies. 
A fundamental rule of feedback analysis is that low phase 
margin will cause peaking in the closed-loop gain near the 
unity-gain frequency. Since the closed-loop gain amplifies 
the noise, this peaking increases the noise in that frequency 
range even more, thus increasing the total output noise. 
This effect can often be seen in spectral noise density plots 
like the one in Figure 2. 

High load currents and low output capacitance contHbute to 
output noise because they both make the LDO less 
stable, which reduces the phase margin. This phase margin 
reduction increases the closed-loop gain peaking, which in 
turn increases the output noise. Another significant effect is 
what many times a higher equivalent series resistance 



Figure 2: Spectral noise density example 
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(ESR) capacitor will actually reduce noise. This is because a 
larger ESR creates a lower-frequency zero, which many 
times may improve the LDO stability. Finally, note that the 
peaking effect explains why, as previously mentioned, the 
output noise voltage of a 3.0-V regulator usually isn't quite 
twice as much as that of a 1.5-V regulator. A 3.0-V regulator 
tends to be a bit more stable than a 1.5-V regulator due to 
its lower feedback factor. This improved stability increases 
the phase margin, reducing the closed-loop peaking and 
thus the output noise voltage. 

One final trick sometimes used to reduce noise is to add a 
capacitor across the top resistor in the resistor feedback 
divider. This works because at high frequencies the capacitor 
begins to reduce the closed-loop gain and thus the noise, 
so that the system begins to look like a unity-gain feedback 
configuration providing no noise gain. The tradeoff is that 
this could potentially slow down start-up time significantly, 
since the capacitor would have to be charged by the current 
in the resistor divider. The TPS799xx implements this 
technique via an internal capacitor and also includes a 
fast-charge circuit. 

In summary, there are many ways to reduce noise in an 
LDO application. The most important is to start with a 
low-noise, high-PSRR LDO optimized for low-noise applications 
such as one from the TPS793/4/5/6xx family or the low-lq 
TPS799xx family. The second way is to use as large a noise- 
reduction capacitor as is feasible for startup while keeping 
in mind that there's a point where increasing this 
capacitance will offer no further improvement. Finally, use 
small resistances for the resistor divider network {if the LDO 
is an adjustable version) and a small capacitor across the 
top resistor, if possible. Some less obvious improvements 
are to optimize the output capacitor along with the load 
current for the highest phase margin to reduce closedloop 
peaking. Many times, stability can be optimized by using 
the stability plots provided in some LDO data sheets. 
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Stay Out of the Loop 



Engineers know they must provide a complete circuit in 
measurement systems because current flow requires a 
return path. People who work with electronic devices may for- 
get, though, that a ground-return circuit has resistance and a 
voltage can develop between ground points in electronic 
equipment. The resulting voltage can "ride" on signals you 
want to measure and throw off test results. 

An example shows how currents can arise in a "ground" loop. 
Consider a function generator connected to an oscilloscope 
through a piece of coaxial cable. The cable provides a signal 
path and a ground, or return path. Both instruments reference 
their input or output to the ground in their building's electrical 
supply, which can create a long loop or independent circuit. 
Voltages of from several tens of millivolts to hundreds of milli- 
volts, usually at the power-line frequency (Figure 1), can occur 
between the grounds in the two instruments. This sort of 
ground loop will add unwanted signals to measurement results. 

You can eliminate ground loops or reduce their effects 
through careful design of measurement systems. To start. 




0.035 0.04 



ensure that your schematic diagrams include all signal paths, 
including power-line grounds. Highlighting ground connec- 
tions and paths may let you identify potential ground loops. 

Next, carefully match sensor outputs and instrument inputs. 
Divide signal sources into grounded and ungrounded categories 
and then choose an appropriate type of input. Inputs fall into 
three categories, single ended (ground reference), single ended 
(non-ground reference), or differential. 

Grounded signal sources or sensors work well with differen- 
tial inputs that reject common-mode signals from ground loops 
or from induced noise. Rejection comes at a cost, though: Each 
signal requires two inputs that go through a multiplexer to the 




+ or - input of an instrumentation amplifier. 

A pseudo-differential input, or non-references single-ended 
(NRSE) input also reduces ground loop noise, and it requires 
only one input per signal. NRSE inputs multiplex one side of a 
sensor to the + input of an instrumentation amplifier. Instead 
of referencing the amplifier's - input to local ground, that input 
connects to the other side of the sensor circuits. 

Avoid connecting grounded sensors to single-ended inputs 
because they produce a ground loop. If you must make such a 
connection, you may need an isolation amplifier in the circuit 
to break the ground loop. 

Ungrounded, or floating, signal sources inherently eliminate 
ground loops and they work well with either single-ended or 
differential inputs. Take care to ensure the common-mode volt- 



Glenn has set up a data-acquisition systenn to 
monitor several dozen sensors. For the most 
part, the acquired data looks good. But the 
results from one sensor show an underlying 
low-frequency signal that Glenn knows the sen- 
sor cannot produce. Unfortunately, he doesn't f 
know where the signal does come from. 

Can you help Glenn track down the underlying signal added 
to the sensor's output and determine how to eliminate it? 

^ http://rbi.ims.ca/4394-502 j| 

age level of the signal, with respect to the measurement system 
ground, remains within the common-mode input range of the 
measurement device. 

Bias currents on instrumentation-amplifier inputs can push 
the voltage on these "floating" terminals outside their specified 
range. A high-resistance path from the inputs to ground will 
"anchor" the voltage to a local reference. Resistors from about 
1 kfl to 1 00 kfl work well with low-impedance sources such 
as thermocouples or signal-conditioning modules. The resistors 
do alter the input impedance of the differential inputs slightly, 
but usually not enough to affect final measurement values. 
(Always ground unused differential inputs.) 

If you run into an elusive ground loop, do not eliminate it by 
disconnecting their power-line ground (the green wire) to 
"float" otherwise-grounded instruments. This condition puts 
users at risk of a lethal shock. 

For further reading 

"Ground Loops and Returns," National Instruments, zone.ni.com. 



Go to http://rbi.ims.ca/4394-502 to solve the challenge 
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TECH TRENDS DAN STRASSBERG • CONTRIBUTING TECHNICAL EDITOR 

Sun sets on 

IEEE 488, 

LAN and PC standards vie for its role 

THE MOVE FROM A T&M-INDUSTRY INTERFACE STANDARD TO 
ONE OR MORE COMPUTER-INDUSTRY STANDARDS PRESAGES 
MOSTLY GOOD NEWS FOR TEST-SYSTEM DESIGNERS. 

Like old soldiers, ins trument- interfacing and -communication standards 
never die; they just fade away. The reason is that instruments them- 
selves, except for the low-cost, handheld variety, which many managers 
and engineers regard as expendable, often last for many years- This 
longevity stems only partly from the care that instrument makers ex- 
ercise in designing and manufacturing their products. Other reasons in- 
clude the considerable cost of most lab instruments and the relatively 
benign environments in which most such units operate. 

Instruments' longevity — even in manufacturing- test functions — has an important 
side effect: Standards that govern instrument communication and interfacing are slow 
to change. Moreover, these standards usually evolve in ways that allow substituting 
new instruments for older models in new instances of legacy applications, enabling 
engineers to avoid massive rewrites of costly, custom, application-specific software that 
controls many T&M applications and that processes and presents the instrument- ac- 
quired data. 

So it is that IEEE 488, which first became an IEEE standard in 1975 and, before 
that, had existed for at least five years as HPIB (the Hewlett-Packard Instrumenta- 



The ubiquitous RJ-45 Ethernet connector 
is inexpensive and incorporates a locking 
tab to prevent accidental disengagement 
(courtesy CBT Nuggets). 



tion Bus — decades before HP spun off its 
T&M business as Agilent Technologies), 
is still very much alive and is unlikely to 
become a relic for another decade. Nev- 
ertheless, after three decades or so of us- 
ing IEEE 488, instrument users could do 
worse than to start rehearsing that final 
chorus of Happy Trails to You in prepara- 
tion for bidding farewell to the venerable 
T&M bus. 

VYING TO REPLACE 488 

Several computer- industry standards 
are vying to replace IEEE 488. For ex- 
ample, whereas all new Agilent instru- 
ments continue to incorporate IEEE 488 
ports, the company's new products also 
include both USB and LAN Ethernet 
ports (see sidebar, "One company's ap- 
proach to USB instruments"). For now, 
Agilent says it hasn't decided when — or 
even whether — to eliminate the IEEE 
488 ports, although doing away with 
them would at worst present only minor 
problems to engineers who use the com- 
pany's products in test systems. If, for a 
new system, you couldn't purchase an in- 
strument with a built-in IEEE 488 port 
and you had to select an otherwise-sim- 
ilar unit that instead included only a USB 
port, software written to control the old- 
er instrument would likely require little 
or no modification to work with the re- 
placement unit. The driver software's 
compliance with a standard called USB- 
TMC (USB test-and-measurement 
class) -USB488 is intended to ensure 
compatibility (Reference 1). 

Using USB instead of IEEE 488 to in- 
terface instruments to the host PC can 
prove attractive for several reasons. Un- 
less other system instruments require in- 
stalling an IEEE 488 interface in the PC, 
using USB saves the cost of the interface 
card and the cost and inconvenience of 
the bulky, balky IEEE 488 cables. All PCs 
now incorporate USB ports, making 
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AT A GLANCE 

9 Although IEEE 488 won't disap- 
pear immediately, its use will soon 
start to decline, and it's not too early 
to think about how you will replace it. 



Q Computer-industry I/O standards, 
particularly Ethernet and USB, have 
the inside track to become the T&M- 
industry I/O standards. Both of these 
standards are likely to be important in 
T&M. 



9 The LXI (LAN extensions for instru- 
mentation) Consortium is promulgat- 
ing an Ethernet-based modular-instru- 
mentation standard that uses a 
cabled bus and modules with internal 
power supplies instead of the card 
cages, backplanes, and shared power 
supplies found in VXI and PXI (VME 
and PCI extensions for instrumenta- 
tion, respectively). 



B System integrators want to include 
PXI and VXI cages in systems based 
on other forms of instruments. Odds 
favor the development of standards 
that permit such configurations. 



those ports essentially free, and the ports 
on PCs manufactured in recent years con- 
form to USB 2.0, whose high-speed mode 
supports data transfers at nominal rates as 
high as 480 Mbps (60 Mbytes/sec). In 
contrast, IEEE 488.1-2003 operates to 
only approximately 1.8 Mbytes/sec (7.7 
Mbytes/sec using National Instruments' 
HS 488 variant, which instruments from 
several manufacturers support). Al- 
though, in practice, USB 2.0 isn't 33.3 
times as fast as IEEE 488.1 or even 7.8 
times as fast as HS 488, its maximum 
data-transfer rate is usually greater than 
that of either version of 488. In addition, 
USB cables are thin, flexible, and much 
less expensive than IEEE 488 cables of 
equal length. 

But USB is not without its drawbacks, 
especially in systems that were originally 
intended to use IEEE 488. Unlike 488, 
which allows direct peer-to-peer com- 
munication (instrument-to-instrument in 
the T&M context), USB is host-centric: 
Communication between instruments 



can take place only by way of the host PC. 
The network topologies also differ: 488 
uses a daisy chain; USB uses a star or a hi- 
erarchy of stars. 

NONSIMULTANEITY 

The subjects of how quickly and with 
what degree of timing uncertainty in- 
struments in any bus-based system can get 
the host's attention or respond to host 
commands and other instruments' atten- 
tion requests are highly complex. Al- 
though VXI (VME extensions for instru- 
mentation), PXI (PCI extensions for in- 
strumentation), and other modular- in- 
strumentation platforms incorporate 
trigger facilities that focus on minimizing 
uncertainty in the timing of instruments' 
responses to trigger signals, triggering si- 
multaneity appears to be of less interest 
to many users than is a system's speed of 
processing acquired data sets. Older ver- 
sions of IEEE 488 supposedly required 
mere microseconds for an instrument to 
obtain the host's attention or to begin re- 
sponding after a command's arrival. But, 
according to Joe Mueller, an Agilent en- 
gineering fellow, to solve problems with 
the reliability of this approach, IEEE 
488.2 added features that, depending on 
the application, can increase and make 
less predictable the delay between an in- 
strument's receipt of a command or re- 
quest and the start of the response. 

Under USB, an instrument that wants 
the host's attention normally must wait 
for the host to poll it. Explains Alex Mc- 
Carthy, National Instruments' VXI and 
Instrument Control Group manager, "Al- 
though designers familiar with USB can 
find ways around this restriction, they 
usually can't reduce the delay and uncer- 
tainty in queries or write-then-read ac- 
tivities to much less than 500 fxsec." 

On a different level, although many 
people consider them trivial, important 
differences exist between USB and 488 
connectors: USB connectors rely on fric- 
tion to stay connected when somebody 
tugs on a cable; captive screws hold to- 
gether mated pairs of the much larger and 
more expensive IEEE 488 connectors, 
making accidental disengagement essen- 
tially impossible. 

Another issue that figures strongly in 
any consideration of USB versus IEEE 



USB 



With the advent of USB 2.0, the USB 
Implementers Forum created this new 
logo that USB-compatible products can 
display-on the product itself, on its pack- 
aging, or both. 



Because it is a parallel bus, IEEE 488 
requires relatively expensive multipin con- 
nectors that are stackable to facilitate 
daisy-chained instrument connections. 
Captive screws secure mated pairs and 
prevent accidental disengagement (cour- 
tesy mycableshop.com). 

488 is the potential longevity of the stan- 
dards. So far, IEEE 488 has proved to be 
a survivor — partly because its roots lie in 
the slow-moving T&M industry. USB, on 
the other hand, is a child of the fast-paced 
PC business, in which standards figura- 
tively come and go in the blink of an eye. 
Although USB is now clearly a dominant 
technology, nobody can guarantee that its 
dominance will endure for another 
decade. Those who doubt the validity of 
this statement need look only as far as 
such standards as RS 232 and IEEE 1284 
(the lineal descendent of the Centronics 
parallel port). In PC terms, these stan- 
dards held sway for an eternity. Five years 
ago, almost everyone considered them 
cornerstones of PC technology; within 
the last few years, however, they have be- 
come nearly irrelevant. 

DATA ACQUISITION V USB 

Currently, USB is enjoying consider- 
able success in data acquisition. Such 
suppliers as Data Translation, lOtech, 
Keithley, Measurement Computing, and 
National Instruments offer data-acquisi- 
tion units that plug into PCs' USB ports. 
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Drive your next Embedded Ethernet project to market with Micrel's 
KS8695P SoC and Development Solution (P/N KS8695P-MDP). 

Perfect for: 

PROTOTYPING - Validate new embedded applications and deliver rapid 
proof of concept for new product ideas. 

DEVELOPMENT - Stable platform for software development while 
concurrently designing production hardware. 

DEMONSTRATIONS - Seeing is believing! Demonstrate a working 
solution before production hardware is available. 

For more information, contact your local Micrel sales representative or 
visit us at: www.micrel.com/ad/ks8695p. 



© 2005 Micrel, Inc. All rights reserved. Micrel is a registered trademark of Micrel, Inc. 
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Network Storage 
Video Conferencing Devices 
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These mostly low-cost units are displac- 
ing PC plug'in boards, not only in laptop- 
based applications that offer no conven- 
lent way to use plug-in pc boards, but also 
in applications based on desktop PCs- 
Many of these USB-based data-acquisi- 
tion modules consume such small 
amounts of power — 0,5 A or less at 5V 
dc — that they can draw all of their oper- 
at ing power from the bus, thereby avoid- 



ing the inconvenience of separate "wall- 
wart" power modules- 

Not many higher performance USB- 
based instruments are likely to be frugal 
enough with power to do the same thing, 
however. Still, the small amount of pow- 
er the bus makes available to USB devices 
doesn't explain the near-total absence of 
high-performance USB-based instru- 
ments that rely on host PCs for their con- 



trols and displays but that otherwise can 
replace traditional benchtop units- Al- 
though you can buy DSO- and logic- an- 
alyzer modules that rely on PCs for their 
user interfaces, few of them offer the per- 
formance of traditional benchtop instru- 
ments- Much more common are tradi- 
tional instruments that, despite including 
full front-panel controls and displays, also 
incorporate USB ports for connection 



ONE COMPANY'S APPROACH TO USB INSTRUMENTS 

By Bob Rennard, Agilent Technologies 



Agilent Technologies is 
the world's largest manu- 
facturer of test-and-meas- 
urement instruments. The 
company is committed to 
basing the interfacing of 
its new instruments on 
PC- industry-standard I/O 
technology-specifically 
on USB and Ethernet. In 
devising a workable 
scheme for the USB con- 
nections, Agilent's 
designers had to resolve 
several issues. Table A 
and Figure A show the 
varieties of USB connec- 
tors and their main sys- 
tems use. 

In general, the capabili- 
ty an instrument provides 
depends on the instru- 
ment and when its manu- 
facturer developed its 
platform. Agilent's newest 
products have both host 
and device connectors, 
because they offer differ- 
ent capabilities to serve 
different use models. 
These products have one 
USB 2.0 Type B (or Type 
Mini-B) socket on the 
back, through which users 
can control them using 
the USBTMC(USBtest- 
and-measurement class)- 
USB488 protocol, which 
is essentially SCPI (stan- 
dard commands for pro- 



grammable instruments) 
over USB. These instru- 
ments may also have one 
or more USB 2.0 Type A 
sockets on the back, the 
front, or both, through 
which they can act as a 
host to accommodate 
other USB devices, such 
as a mouse, a keyboard, 
and a flash drive. 

The new 6000 series 
scopes have both high- 
speed (nominally, 480- 
Mbps) USB-device and 
full-speed (nominally, 12- 
Mbps) USB-host capabili- 
ties. These scopes use 
standard A connectors for 
the host ports and stan- 
dard B connectors for the 
device ports. A forthcom- 
ing PC-based product 
(not a scope) also offers 
full-speed USB host capa- 
bilities via USB A connec- 
tors, like those on PCs, as 
well as USB device-side 
capabilities via a standard 
B connector. Newer 
power supplies offer 
high-speed capabilities 
with standard B connec- 
tors. 

Currently, Infiniium 
scopes have only USB- 
host ports, like those of 
PCs, using standard A 
connectors. If a PC- based 
Infiniium is running a pro- 






MINI-B SOCKET 
TYPE A PLUG TYPE B PLUG MINI-B PLUG 

Figure A USB connectors come in the three principal types 
pictured here and explained in Table A. Each type exists in 
plug and socket forms; plugs go on cables; sockets go on 
equipment. The connectors rely on friction to secure mated 
pairs (courtesy USB Implementers' Forum). 
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SB-CONNECTOR TYPES 


Connector type 


Where found 


Type A socket 


Host or hub ^ "^^^ 


Type A plug 


Host/hub end of device cable 


Type B plug 


Device end of device cable ] 


Type Mini-B plug 


Device end of device cable 


Type B socket 


Device | 


Type Mini-B socket 


Device (initially, digital cameras) 


Note: Neither this table nor Figure A includes connectors 
used on devices and cables that conform to the USB OTG 
(On-the-Go) specification. At different times, depending on 
how they are configured, OTG devices can act as hosts or 
peripherals. 



gram that controls other 
instruments over USB 
through its Type A ports, 
then-in theory-that pro- 
gram could be moved 
fairly seamlessly to an 
external PC and continue 
to control those other 
instruments over the PC's 
USB Type A ports. 
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Bob Rennard is president 
of tiie LXI Consortium, 
wiiicii Aie co-founded, 
and is LXI Program 
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a master's in business 
administration from 
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Secondary-side post regulator (SSPR) 
doubles as high-voltage DC-DC controller 



Feature-rich LM5115 controller simplifies design of multiple output DC-DC converters 



input 

13V to 100V 



Wide range 
4.5V to 30V 



Ramp and 
sync provide 
feed-forward 



LM5025 Primary 
side controller 



"BIAS 



_l=- 




(AC) 



J ^AA^- 



LM5115 
SSPR 



\7 



\7 



(DC) 



Up to 75V AC 
or DC source 



Main 
Output 




Wide range 
0.75V to 12V 



Auxiliary 
output 



Choose lossless 
sense or resistor 
for improved 
accuracy 




LM5115 Features 

• Provides multiple outputs from main DC-DC or AC-DC converter 

• Operates directly from secondary-side phase signal or DC input 

• Leading-edge modulation for SSPR from current-mode primary 
controller 

• Up to 1 MHz switching frequency reduces component footprint 
and profile 

• Integrated gate drivers with 2. 5 A peak output current 

• Available in TSSOP-16 and tiny LLP- 16 packaging 



Ideal for use as a secondary-side post 
regulator in the design of multiple output 
AC-DC or DC-DC power supplies or as a 
DC-DC controller for use in point-of-load 
(POL) regulators 



Shown actual size 



TSSGP-16 
4.4 X 5.0 X 0.9 mm 



LLP-16 
5.0 X 5.0 X 0.8 mm 




For FREE samples, evaluation boards, datasheets, 
and online design tools, visit us today at 

Or call 1-800-272-9959 
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What is LXI? 

LXI CLASSES: 
I CLASS C- Stand-alone Use 

• LAN replaces GPIB. Consistent LAN implementation 

• Small modules with no cardcage and traditonai box instruments 

• Web browser interface for set-up, control, data access 

• IVI driver API 

I CLASS B - Stand-alone and Distributed Use 

• CLASS C Plus — — 

• Synchronization over LAN using IEEE 1588 Precision Time Protocol 

I CLASS A - Stand-alone and Any System 

^CLASS B Plus -^^^^^^^^^^^^ 

• Add fast fiardware trigger bus 



LXI USE CASES: 
I CLASS C- Stand-alone 
I CLASS B - Distributed System 
I CLASS A -Local System 



• All products have consistent LAN implementation 

• Functional classes may be in any physical size 



Figure 1 LXI instruments fall into three classes based on feature sets. Class C is the 
most basic; Class A is the most comprehensive. The photo at the top shows an LXI 
system comprising rack-and-stack instruments (courtesy Agilent Technologies). 



into instrumentation systems. 

It is worthwhile to ask why so few 
USB'based units that rely on PCs for 
their user interfaces perform functions 
more complex than those of data-acqui- 
sition boards- For example, National In- 
struments, the leading supplier of com- 
puter-based measurement products, has- 
n't yet offered USB-interfaced versions of 
its PXI 5660 and 5670 IJ^GHz RF sig^ 
nal analyzer and generator or its PXI 407 1 
7V2'digit Flex DMM (digital multimeter). 
Such units would be usable outside of PXI 
systems- Clearly, NI is committed to PXI, 
a form factor and a market that it creat- 
ed and nurtured- Flowever, if its customers 
were clamoring for equivalent instru- 
ments in a different form, the company 
would be likely to pursue the significant 
business opportunity- You have to con- 
elude that, so far, few users have de- 
manded such products. 

Michael Lauterbach, PhD, director of 
product management for scope manufac- 
turer LeCroy, offers a possible explana- 
tion. Says Lauterbach, "I've seen some ex- 
cellent software emulations of scope front 
panels on PC monitors, but many users 
find that the realistic-looking 'knobs' that 
they can 'rotate' with a mouse and the 
buttons that they can 'push' in a similar 
manner aren't acceptable substitutes for 
real knobs that actually turn and buttons 
that travel in and out." Moreover, says 
Lauterbach, despite its 480'Mbps maxi- 
mum data rate, USB 2.0 can't match the 
speed of the display adapters in several 
modern high-performance scopes. De- 
signers developed some of these boards for 
video gaming, and they use 16'lane ver- 
sions of PCI Express that transfer data at 
32 Gbps, more than 66 times USB 2.0's 
theoretical maximum data rate. 

Despite these arguments, representa- 
tives of National Instruments call USB 
2.0 an attractive interface for many kinds 
of high-performance instruments. Al- 
though, like most other companies, NI 
maintains strict secrecy on new products 
that may or may not be under develop- 
ment, and NI personnel violated no com- 
pany confidentiality rules when dis- 
cussing this article with EDN, you have 
to wonder whether the company isn't 
simply waiting for an appropriate expres- 



sion of customer interest to introduce 
more USB-based products. 

ETHERNET AND LXI 

USB is scarcely the only PC-stan- 
dards-based instrument- interfacing game 
in town, however. The key competitor is 
the ubiquitous Ethernet, which has ex- 
isted for approximately as long as IEEE 
488 but continues to reinvent itself in 
versions that offer higher speed and, to a 
lesser extent, lower latency. As a pro- 
genitor of most of today's ultra-high-speed 
serial buses, Ethernet was decades ahead 
of its time in implementing a peer-to-peer 
architecture. And with 10- and 100-Mbps 
versions already widely deployed, a 1- 
Gbps version starting to make inroads, 
and a 10-Gbps version in the works, you 
can hardly discount Ethernet's speed. 
(IEEE 488 has also undergone revisions 
that have increased its speed, but not to 
the same degree as Ethernet. Still, IEEE 



488 partisans point out that Ethernet's 
bandwidth increases haven't increased 
the speed of T&M applications as much 
as you might expect because most such 
applications transfer data packets small- 
er than those for which Ethernet is opti- 
mized.) 

Ethernet's speed and longevity are 
only two of many factors that motivated 
the creation of the LXI (LAN extensions 
for instrumentation) Consortium. Ether- 
net is ubiquitous: In factories, in offices, 
and now even in some private homes, it 
is difficult to find a spot that is more than 
a few feet from an Ethernet LAN. With 
that ubiquity comes an unrivaled infra- 
structure. 

LXI defines three classes of modular 
instruments, not surprisingly named A, B, 
and C (Figure 1). Somewhat counterin- 
tuitively, though, the most general and 
full-featured class is A, which provides 
more features than B, which, in turn, of- 
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National's LMH® High-Speed Amplifiers — 
Delivering Performance Where It Counts 



Featuring Industry-Leading Speed with Low Power Consumption 



LMH6703 Large Signal Frequency Response 
Industry's Only 750 MHz LSBW 



LMH6550 Distortion vs Frequency 
Single-Ended Input 
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High-Speed Amplifier Products 



Product Number 


Description 


Features 


LMH6702 
LMH6703 
LMH6738 


Single, low distortion, wide bandwidth 

Single, low distortion, wide bandwidth with 
shutdown 

Triple amplifier with individual disable 


1.7 GHz SSBW, 720 MHz LSBW, 2nd/3rd harmonic distortion (HD): 
-100/-96 dBat5MHz 

1.2 GHz SSBW, 750 MHz LSBW, 2nd/3rd HD: -87/-100 dB at 5 MHz 
750 MHz SSBW, 400 MHz LSBW, 3300 V/ps 


LMH6704 
LMH6739 


Single, programmable gain (-l,+l,+2), shutdown 

Triple, programmable gain (-1, +1, +2), individual 
shutdown 


650 MHz SSBW, 400 LSBW, 2nd/3rd HD: -62/-78 dB at 10 MHz 
750 MHz SSBW, 400 MHz LSBW, 3300 V/ps 


LMH6570 
LMH6572 
LMH6574 


Single 2:1 mux with shutdown 
Triple 2:1 mux with shutdown 
Single 4:1 mux with shutdown 


500 MHz SSBW, 2200 V/ps, -70 dB crosstalk, 400 MHz LSBW 

350 MHz SSBW, 290 MHz, LSBW -90 dB crosstalk 

500 MHz SSBW, 2200 V/ps, -70 dB crosstalk, 400 MHz LSBW 


LMH6550 
LMH6551 


Fully differential ADC/Video driver with disable 
Fully differential ADC/Video driver 


400 MHz SSBW, 1100 V/ps, 2nd/3rd HD: -78/-88 dB at 20 MHz 
300 MHz SSBW, 800 V/ps, 2nd/3rd HD: -80/-95 at 5 MHz 



For FREE samples, evaluation boards, datasheets 
and online design tools, visit us today at: 



amplifiers.national.com 



Or call 1-800-272-9959 

© National Semiconductor Corporation, 2005. National Semiconductor, , and LMH are registered trademarks of National Semiconductor Corporatioi 
All rights reserved. 
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These National Instruments RF modules are representative of CompactPCI-based PXI's 
modular architecture. The modules require a card cage that includes power supplies and 
cooling facilities. Each cage must also include a slot-zero module. Many slot-zero mod- 
ules are full-featured embedded PCs. 



fers more features than the most basic 
class, C- If the consortium finds a need to 
create another class by adding features to 
A, it may have to modify its class-nam- 
ing scheme- 

A ROSE BY ANY OTHER NAME 

The name LXI itself is both a blessing 
and — some would say — a curse. Its simi- 
larity to VXI and PXI immediately sug- 
gests modular instrumentation. Unfortu- 
nately, the name also fosters a miscon- 
ception — at least on the part of neo- 
phytes — that LXI must be the successor 
to PXI, just as PXI was (more or less) the 
successor to VXI. However, LXI follows 
a design philosophy different from PXI's. 
Unlike with PXI, a (usually smaller) 
CompactPCLbased version of the VME- 
based VXI, LXI's developers designed it 
around a cabled bus — not around a card 
cage and backplane, such as those of PXI 
and VXI. 

The name may or may not be respon- 
sible for another problem: difficulty in ob- 
taining the wholehearted support of the 
largest modular- instrument manufacture 
er. National Instruments. NI officials un- 
derstandably feel uneasy about endorsing 
any standard that they believe might 
threaten PXI. The odds favor the coex- 
istence of PXI and LXI, with each ad- 
dressing somewhat different market seg- 
ments, albeit with substantial overlap be- 
tween them. PXI appears better suited to 
manufacturing test. LXI may be better 
suited to R&D, although LXI's use of Eth- 
ernet, which can connect into networks 
of truly global extent, suggests uses in 
companies having design and manufac- 
turing facilities on several continents. 
Moreover, LXI proponents are optimistic 
about the possibility of systems that com- 
bine LXI with PXI and VXI hardware. 
Nevertheless, NI's adoption of a wait- 
and-see attitude toward LXI — sending 
representatives to every consortium 
meeting, but so far not formally joining — 
means that consortium members may 
have to wait longer than they'd prefer to 
get a clear view of the road ahead. 

Besides the use of Ethernet, LXI's most 
obvious difference from PXI is in pack- 
aging. PXI modules work only in card 
cages, which use a backplane to inter- 



connect multiple modules. The card 
cages, which are available with varying 
numbers of module slots, also contain 
power supplies and cooling facilities and 
house a slot-zero card. Usually, a PXI slot- 
zero card is a modular embedded PC that 
includes a system board and a hard drive. 
However, some PXI slot-zero cards lack 
PC capabilities and connect to external 
PCs — usually, standard desktop units, 
which cost less and usually offer more ad- 
vanced features than those of modular 
PCs. 

LXI systems, on the other hand, will 
be based on standard PCs and modules 
that communicate via a cabled bus rather 
than a card-cage backplane (though LXI 
may soon allow attaching PXI and VXI 
cages as modules on the cabled bus). The 
LXI FAQ (Reference 2) refers to mod- 
ules with integral power supplies, but 
these supplies need not operate directly 
from the ac line. Modules may draw their 
primary power — most likely, approxi- 
mately 48V dc — from a supply that serves 
multiple modules or from the LAN itself 
through its new POE (power-over-Ether- 
net) features (Reference 3). POE pro- 
vides as much as 12.95W to each powered 
device. A new specification, POE+, still 



in its formative stages, may triple the 
available power. 

MANY SIZES AND SHAPES 

It is possible to implement LXI mod- 
ules of many sizes. Although the FAQ 
suggests that developers will design most 
modules as system components and not 
as rack-and-stack instruments, "modules" 
can, in fact, be ac-line-powered, full-rack- 
width units, whose heights are multiples 
of the standard P/4'in. increment. These 
modules can have front-panel controls 
and displays that function just as do those 
of rack-and-stack instruments. In other 
words, the modules can be rack-and-stack 
instruments in every sense of the words. 
They can even include USB and IEEE 
488 interfaces as long as they also include 
a rear-panel-mounted RJ-45 Ethernet 
connector. 

The mere presence of an Ethernet 
connector does not guarantee LXI com- 
patibility, however. LXI also imposes re- 
quirements on how conforming modules 
use Ethernet to communicate. As for the 
RJ-45 -connector location, the current re- 
quirement is that it be on the module's 
rear surface and that connections to the 
DUT (device under test) be on the front. 
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battery life while minimizing end- 
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from a single, 1.8 V power supply for 
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listening experience. This highly 
integrated 24-bit, 96-kHz stereo 
CODEC is based on a multi-bit 
Delta-Sigma architecture which 
allows infinite sample-rate adjustment 
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Applications 



By generating its own on-chip 
negative power supply voltage, the 
CS42L51 provides ground-centered 
outputs, which eliminates costly, 
space-consuming DC blocking 
capacitors required by some com- 
peting solutions. The elimination 
of these capacitors not only reduces 
the implementation cost but it also 
greatly simplifies product design and 
saves valuable circuit board space. 

This next-generation CODEC is an 
ideal choice for any portable audio 
product developer. For complete 
specifications and to register for a 
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The consortium is currently discussing 
whether the RJ'45 connector must be on 
the rear or whether other locations might 
also be acceptable; the rear-panel re- 
quirement is a sticking point for modular- 
instrumentation systems, such as PXL Al- 
lowing the connector on the front could 
qualify PXI and VXI card cages contain- 
ing appropriate slot-zero cards running 
appropriate software as LXI modules- 

Among the issues that LXI addresses 
is discovery: determining just which in- 
struments are connected to the network 
when you apply power to a system. This 
phase of LXI operation is one of the few 
for which LXI has drawn upon a T&M 
industry standard- The consortium's phi- 
losophy is to avoid specialized standards 
and protocols wherever possible and to 
take advantage of standards with broad 
computer- industry support, because, in 
the words of the LXI FAQ, "More engi- 
neers work on LAN alone than [work] in 
the entire test-and-measurement indus- 
try." In the case of discovery, however, the 



ATEDN.COM D> 



\±\ We encourage your comments! 
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LXI Consortium selected a specialized 
LAN protocol curiously named VXI- 
1 1 — not because of any connection with 
VXI hardware or protocols, but because 
it originated with the VXI Consortium. 

PEACEFUL COEXISTENCE 

The LXI Consortium hasn't specified 
the LAN protocols to be used for trans- 
ferring acquired data from instruments to 
the host. Apparently, different consor- 
tium members are committed to different 
protocols, and the consortium concluded 
that all of these protocols could coexist 
peacefully within a system. The consor- 
tium did specify that each LXI device 
must present an interactive HTML page 
on which users can specify the device's ap- 



plication-specific operating parameters 
but allowed the code that generates this 
page to reside either in the device or in 
the host. 

For triggering and synchronization, 
the consortium drew on IEEE 1588, a pro- 
tocol that depends on time-tagging of 
events. Consortium members believe that 
1588 will enable synchronization of 
events to within approximately 50 
nsec — maybe less with extraordinary 
care. Although such numbers are im- 
pressive considering the cable lengths in- 
volved in LANs, they don't approach the 
degree of simultaneity achievable in 
much smaller systems, such as VXI and 
PXI. So the consortium added a provision 
for an LVDS (low- voltage-differential-sig- 
naling) trigger bus in LXI Class A devices. 
Instruments that reside in the same equip- 
ment rack should be able to use this bus, 
which will provide closer synchronization 
than is possible with 1588. 

One of the visions for LXI is that the 
standard will enable test-equipmen man- 
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ake a break from your daily routine and test your power supply design knowledge by answering the three questions 
below regarding new mandatory energy efficiency requirements. Check your answers at www ^powerint* com/puzzler 4 
and enter for a chance to win a new Apple iPod Mini. 



[Question 1: beginner 

Recent energy efficiency regulations set minimum standards for the efficiency and no-load power consumption of certain 
AC-DC and AC-AC power supplies. In China and Europe, minimum energy efficiency targets are already in place and in 
several U.S. states, regulations are becoming mandatory. The California Energy Commission (CEC) has set mandatory 
requirements for external power supplies (EPS) sold in California from July 2006. Which of the following is true? CEC 
requires that: 

"~ a. EPS rated at under 10 W should consume less than 0.5 W under no-load conditions I I I I I T 



b. EPS rated at 10 W to 250 W should consume less than 0.75 W under no-load conditions 

c. An Active Mode minimum efficiency must be met, based upon the average of the efficiencies at 25%, 50%, 75% 
and 100% load 

d. All of the above ^ 
(Hint: visit www. powermt.com/greenroom) 



[Question 2 : advanced ^ 



A L 



A 3 W, 5 V CV/CC charger requires the characteristics as shown: 

Which is the best choice of power supply to meet CEC no-load 
requirements and why? 
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a. A linear transformer with an IC linear post regulator 

b. A Switched Mode Power Supply (SMPS) designed using discrete 
components, with a characteristic of increasing frequency at light loads 

c. An SMPS designed using an IC that operates at a fixed frequency 

d. An SMPS designed using an IC with a characteristic of decreasing 
frequency at light loads 




I Question 3 : ex pert "| 



0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 
Output Current (A) 



-I 1 \ 1- 



-I k 



The CEC Active Mode minimum efficiency requirement for a 3 W, 5 V output EPS is 58.9%. CEC also requires less 
than 500 mW no-load consumption at this rated output power level. 

For your 3 W, 5 V CEC-compliant charger, two 
designs points, 'A and 'B', are being considered, 
with efficiency versus load characteristics as 
shown in the figure. Which would be a better 
choice to meet the CEC requirements and why? 

a. DESIGN 'A: an SMPS with 450 mW 
no-load consumption and 100% load 
efficiency of 61% 




40% 50% 60% 

LOAD 



90% 100% 



b. DESIGN 'B': an SMPS with 30 mW 
no-load consumption and 100% load 
efficiency of 57% 

— \ — I — n 



The answers to these questions can he found at www.powerint.com/puzzler4- Check out how well you did and enter to win an 

Apple iPod Mini! Enter 1 8 at www.edn.com/info 



ufacturers to create otherwise- identical 
instruments that will be available in two 
forms: with front panels that are blank ex- 
cept for DUT connections and with front 
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panels that contain controls and displays 
as well as DUT connections. The first 
type is intended for system applications, 
whereas the second is for stand-alone op- 
eration. Consortium President Bob Ren- 
nard believes that this flexibility can help 
to reduce instrument prices by allowing 
test- equipment manufacturers to allocate 
instrument-design costs to larger numbers 
of units. 

Not surprisingly, cost is at the heart 
of many discussions of modular instru- 
ments. Some in the industry say that for- 
mats, such as PXI, which require the use 
of backplanes and common power sup- 
plies, are inherently more expensive than 
rack-and-stack configurations. To rebut 
that assertion, NI has produced examples 
of PXI systems that cost less than equiv- 
alent rack-and-stack systems. Mean- 
while, Agilent has developed examples 
that show just the opposite. Rennard says 
that most real-world systems use instru- 
ments in multiple formats and that sys- 
tem integrators therefore demand cross- 
platform interoperability, which the 



LXI Consortium is working hard to en- 
sure.EDN 
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Rarely Asked Questions 



Slow ^^starting^^ ADCs (or the beneficial effects 
of in diagnosing converter problems) 

Q. To save power, my ADC is powered up only to make a 
measurement The system is very accurate in continuous oper- 
ation, but completely unpredictable when power is strobed. 



A. As a by product 
of the security- 
obsessed Soviet sys- 
tem, Russians can be 
very reluctant to pro- 
vide all the details of 
an applications prob- 
lenn. Alexei, whom I 
met at a seminar in 
Novosibirsk in Siberia, 
was no exception. He 
complained that his 
ADC (analog-to-digi- 
tal converter) was 
badly out of specifica- 
tion and sometimes 
did not work at all, 
but was reluctant to provide details of his sys- 
tem. So I provided some vodka, caviar and bli- 
nis, and we toasted Mother Russia, Catherine 
the Great, the Trans-Siberian Express, and 
analog engineers everywhere. He loosened up 
and revealed that he was only powering his 
ADC for just long enough to do a conversion 
and then shutting it down again. 

Microprocessors reset with each start, but 
few ADCs do, so after power-up their logic is 
randomized. The first conversion (or in some 
pipelined converters the one when the initial 
data exits the pipeline) resets the logic, but 
the first results may be totally wrong. 

Furthermore, not only the data output is 
affected. The EOC (end of conversion) or 
"busy" output may also be confused — if this 
output is used to initiate the next conversion, 
the system may not self-start on power-up. If 
such latch-up always occurs, the problem will 
be recognized during system design, but if it 
only occurs occasionally (as with the original 
ADC84 in the 1970s) the problem can be 




overlooked — with 
dire results. 

Data converters 
should perform one 
or more "dummy" 
conversions after 
power-up before the 
conversion results 
are actually used. 
During these 
"dummy" conver- 
sions the output 
data, and anomalous 
behavior of EOC or 
other logic outputs, 
should be ignored 
by the system. 
Such problems rarely occur in converters 
with "sleep" circuitry where the supply is still 
present but the device is switched to a low 
consumption standby mode for power saving. 

Logic is not the only possible cause of 
start-up errors in converters. Thermal stabi- 
lization, capacitance charging, and slow 
starting of regenerative current mirrors can 
all degrade reference accuracy for many mil- 
liseconds after power-up. 

Alexei programmed some dummy conver- 
sions and I boarded the Trans-Siberian 
Express for Vladivostok leaving a working 
system, and a happy, if over fed, engineer 
behind me. 



I To learn more about 
behavioral problems in 
ADCs 8e how to avoid them 
^ Go to: 

I http://rbi.ims.ca/4394-504 
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STUCK IN A HIGHLY FRAGMENTED INDUSTRY BUILDING- 
AUTOMATION DESIGNERS ARE FORMULATING 
NEW INITIATIVES TO PROVIDE INTEROPERABILITY 
SIMPLIFY MANAGEMENT CONSERVE ENERGY 
PROVIDE SECURITY AND REDUCE COSTS. 

BY WARREN WEBB TECHNICAL EDITOR 



Thinking 

inside the box: 



Buildings get a brain 



▲ 



Ithough engineers have envisioned and 
implemented many Jetsons- like conven- 
iences throughout the home, factory, and 
office, most end users are reluctant to pay 
extra for the hardware and software neces- 
sary to simplify mundane tasks. For exam- 
ple, subsystems to enable voice controls, 
automatically feed the pets, or create light- 
ing or entertainment scenes when you walk 
through the door are available today, yet 
they appeal to only a small audience. In 
areas having high consumer interest, such 
as security or energy conservation, the lack 
of compatible products makes it difficult to devise a fully integrated system. 
Recognizing these industry problems, product manufacturers have proposed 
new initiatives, updated standards, and revised communications protocols that 
promise to accelerate the acceptance of smart-building technology. 

Smart-building technology relies on dis- example, an open window is important to 




tributed sensors, remotely controllable 
actuators, device networking, and deci- 
sion-making software to coordinate and 
optimize building subsystems, such as those 
for security, the environment, information 
transfer, and safety. In a truly integrated 
building- automation system, any subsys- 
tem may use components and sensors. For 



both the security subsystem and the heat- 
ing or air-conditioning function. Like- 
wise, temperature sensors could detect a 
fire or signal the need for routine main- 
tenance. Unlike today's stand-alone 
building systems, this type of data reuse 
requires components and subsystems 
that share and store sensor information. 



Distributed sensors are vital to col- 
lecting the information that smart envi- 
ronments require. You can divide sensors 
into physical, motion, force, and bio- 
chemical categories. Physical sensors 
make pressure, temperature, and humid- 
ity measurements, and motion sensors 
record position, velocity, and accelera- 
tion. Force sensors indicate strain, 
torque, and vibration. The biochemical 
category includes everything from reac- 
tive agents to personal- identification 
items, such as fingerprints, voice analysis, 
and retinal scans. The biggest challenges 
to distributed sensors are transforming the 
measurement into a common format, effi- 
ciently transferring the data, and reduc- 
ing the power required at each node. 

SMART SENSORS 

The National Institute for Standards 
and Technology and the IEEE in 1993 
began work on the distributed-sensor 
problem with a proposed family of stan- 
dards entitled "A Smart Transducer Inter- 
face for Sensors and Actuators." The 
objective of these standards is to provide 
interchangeability among manufacturers, 
ensure that all transducers connect to 
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AT A GLANCE 

□ Smart-building systems rely on 
networked sensors, remotely con- 
trolled actuators, and decision-mak- 
ing software. 



El Although extravagant building- 
automation devices are possible, 
most end users are reluctant to pay 
extra for convenience-only items. 



El Wireless links, power-line commu- 
nications, and Ethernet cabling per- 
mit building systems to share data 
without new wiring. 



El The added cost and diversity of 
systems have slowed the adoption of 
automatic building-interoperability 
standards. 



El Web-services technology allows 
incompatible automatic-building sys- 
tems to exchange data and enable 
remote operation. ^ 



control networks in the same way, and 
promote self- identifying, -configuring, 
and -calibrating sensors- The first stan- 
dard in the family, IEEE 1451.2, defines 
the interface between the transducer 
hardware, called the STIM (smart- trans- 
ducer- interface module), and the NCAP 
(network-capable application proces- 
sor), or network controller (Figure 1). 
Manufacturers simply implement sensor 
circuitry for the STIM side of the 145 1 -2 
interface and then choose a network con- 
troller depending on the application. 
Although the NIST and the IEEE in 1997 
first approved the standard, industry 
adoption has been slow- Several changes, 
including the addition of alternate phys- 
ical layers to use existing, widely available 
data- transfer methods to reduce sensor 
cost and complexity, are under way. 

Another approach to the distributed- 
sensor problem is to piggyback on the 
TCP/IP networks now present in most 
buildings for data exchange. The OASIS 
(Organization for the Advancement of 
Structured Information Standards) has 
proposed an initiative to define XML 
(extensible Markup Language) and 
Web-services-based mechanisms for 
building control systems. The OASIS 
oBIX (Open Building Information 
Exchange) Technical Committee is 



working to define a standard Web-serv- 
ices protocol to enable communications 
between building mechanical and elec- 
trical systems and enterprise applications. 
Because oBIX integrates with enterpris- 
es, it will allow continuous visibility of 
mechanical- and electrical-control sys- 
tems and will identify problems and 
trends for system analysis or human inter- 
action. The scope of oBIX is to develop 
a Web-services- interface specification to 
simply and securely obtain data from 
HVAC, access control, utilities, and other 
building-automation systems. The oBIX 
approach has the advantage of operating 
with legacy mechanical and electrical 
subsystems. 

Although not at the sensor level, many 
modem building subsystems interconnect 
with established but incompatible com- 
munications protocols, such as Lon- 
Works, BACnet (Building Automation 
and Control Network), and ModBus, in 
addition to numerous proprietary proto- 
cols. Although these building-automa- 
tion networking protocols operate over 
TCP/IP networks, they lack the sophis- 
tication to deal with enterprise routers, 
firewalls, security, and application traffic. 
BACnet is the common term for the 
ANSI/ASHRAE Standard 135-2001, 
which ANSI (American National Stan- 
dards Institute) and the ASHRAE 
(American Society of Heating Refriger- 
ation and Air-Conditioning Engineers) 
support. BACnet is a nonproprietary, 
open-protocol communication standard 
that represents data in terms of "objects," 
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"properties," and "services." This standard 
method of representing data and actions 
enables devices from different manufac- 
turers to interoperate; however, most 
BACnet devices are limited to the heat- 
ing, ventilating, and air-conditioning 
industry. For example, the Mach- Vision 
from Reliable Controls is a programma- 
ble user interface for direct digital-control 
applications. This BACnet-certified de- 
vice features a Basiclike program lan- 
guage, five reconfigurable inputs, four 
scalable outputs, and closed-loop capa- 
bility (Figure 2). 

PROTOCOL CHIP 

Unlike BACnet, Lon Works requires 
the use of a proprietary Neuron chip from 
Echelon Corp in each controller. Lon- 
Works finds use mainly in the lighting, 
utilities, and transportation industries and 
has more automated building installations 
than BACnet. The Lon Works protocol 
provides a set of services that allow device 
application software to send and receive 
messages over the network without need- 
ing to know the topology of the network 
or the names, addresses, or functions of 
other devices. The Lon Works protocol 
can optionally provide end-to-end ac- 
knowledgment of messages, authentica- 
tion of messages, and priority delivery for 
real-time applications. 

The ModBus protocol is an open-mes- 
saging structure that Modicon developed 
in 1979; it establishes master-slave/ 
client-server communication between 
devices. ModBus originated as a standard 

NETWORK 



TRANSDUCER- 
INDEPENDENT 
INTERFACE 



1 



NETWORK-CAPABLE 
APPLICATION 
PROCESSOR 



FUNCTIONAL 
BOUNDARIES 



Figure 1 IEEE 1 451 .2 defines the interface between smart sensors or actuators, signal- 
conditioning circuitry, and the network controller. 
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Nl LabVIEW- From Interactive Measurements 
to Graphical System Design 




Explore 



Express technology in Nl SignalExpress gives 
you an interactive, exploratory interface with: 



Always-on, configuration-based development 

Tight integration of simulation and real-world I/O data 

Conversion to National Instruments LabVIEW projects 




Configure 



Point-and-click assistants in LabVIEW help you quickly 
automate common measurement and analysis tasks with: 

Modular data acquisition from DC to 2.7 GHz 
Plug-and-play drivers for more than 4,000 instruments 
Support for PXI, PCI, PCMCIA, USB, LAN, serial, GPIB, and CAN 
More than 450 signal processing and mathematics functions 
Drag-and-drop custom user interface (Ul) design with built-in Ul elements 




Design 



Revolutionary LabVIEW graphical programming helps 
you tackle the unique needs of your applications with: 

Compiled execution 

Intuitive dataflow development 

More than 500 included example programs, thousands more on the Web 
Advanced training classes and certification program 
Open connectivity with .NET, ActiveX, XML, TCP/IP, wireless, and more 
Integration with image acquisition and motion control devices 
Deployment to real-time, distributed, embedded, and handheld targets 



Whether you are taking quick, interactive measurements on your desktop or designing sophisticated, high-throughput 
automated test systems, award-winning Nl LabVIEW graphical software has the development tools you need. 
With more than 18 years of engineering innovation and thousands of users around the world, LabVIEW provides 
a scalable solution for your projects ranging from interactive design to custom application development. 



To take the interactive LabVIEW Guided Tour, visit ni.com/labview. 



(800) 453 6202 



© 2005 National Instruments Corporation. LabVIEW, National Instruments, Nl, ni.com, and SignalExpress 
are trademarks of National Instruments. Other product and company names listed are trademarks or 
trade names of their respective companies. 
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for programmable-logic control- 
lers to access simple integer and 
binary values- The protocol is 
well-understood and finds wide 
use across many industries- Its 
main strengths are its simplicity 
and its ease of implementation in 
low-level devices. ModBus is the 
standard in power metering, 
UPS, and generators- Ken Crater, 
president of the ModBus Suppli- 
ers and Users Association, says, 
"Straightforward protocols such as 
ModBus are easier and faster to 
code, apply, and troubleshoot 
than more complex protocols- 
This [approach] reduces cost and 
helps companies move more quickly in 
their markets-" You can freely download 
the ModBus specification from the Inter- 
net, and a number of open-source imple- 
mentations of the protocol are available. 

Because of the large number of sensors 
that a smart-building environment 
employs, designers prefer networking 
schemes that require no installation of 
new interconnecting cables. Wireless 
links, power- line communications, and 
even telephone-line sharing are viable 
alternatives that eliminate new wiring. 
For example. Echelon's PL3120 and 
PL3150 power-line smart transceivers 
enable Lon Works-compatible products to 
communicate over a building's electrical 
network (Figure 3). The transceivers 
include an 8-bit Neuron processor core 
for running applications and managing 
network communications. A dual-carri- 




72 


.5" (i> 


Au-to 


Override 




- MODE SEL- 







Figure 2 The Mach-Vision, a programmable user interface 
from Reliable Controls, communicates using the BACnet 
(Building Automation and Control Network) Protocol. 



er feature automatically selects a second 
frequency if noise is blocking the signal. 
The transceivers are available in a $345 
Mini EVK (evaluation kit) allowing 
designers to experiment with smart light 
switches, thermostats, and other simple 
devices and sensors using power-line 
communications. 

Wireless networks with extremely low 
power consumption are ideal for many 
smart-building-sensor applications. To 
meet this need, the IEEE in May 2003 rat- 
ified the 802.15.4 standard for ultra-low- 
power, low-data-rate networks operating 
in the unlicensed-frequency bands. The 
standard defines the PHY (physical layer) 
and MAC (medium-access-control) sub- 
layer specifications for low-rate devices 
communicating at 20 kbps in the 868- 
MHz band, 40 kbps in the 915-MHz 
band, and 250 kbps in the 2.4'GHz band. 



HOST 
APPLICATION: 

ELECTRIC 
METER, 
HOUSEHOLD 
APPLIANCES, 
LIGHTING 

AND 
SECURITY 
SYSTEMS, ETC. 



PL3120 38TSSOP/ 
PL 31 50 64 LQFP 



NEURON 
CORE 



POWER-LINE 
TRANSCEIVER 
CORE 



DSP 



ADC 



DAC 



EXTERNAL 
MEMORY 
(PL 31 50 SMART 
TRANSCEIVER ONLY) 



DISCRETE 
INTERFACE 
CIRCUITRY 



RECEIVING 
FRONT 
END 




COUPLING 
CIRCUIT 



I TRANSMITTING I 
AMPLIFIER 



POWER SUPPLY 



;0 



Figure 3 Echelon's smart power-line transceivers enable LonWorks-compatible products 
to communicate over a building's electrical network. 



Networks may be in star or peer- 
to-peer topologies and include 
addressing for more than 65fiOO 
nodes. Transmitters use DSSS (di- 
rect-sequence spread spectrum) 
with BPSK (binary phase-shift 
keying) in the sub-GHz bands and 
O-QPSK (offset-quadrature phase- 
shift keying) at 2.4 GHz. The stan- 
dard provides for 16 channels in the 
2.4'GHz band, 10 channels in the 
915-MHz band, and one channel in 
the 868-MHz band. The channel- 
access method is CSMA-CA (car- 
rier-sense multiple access with col- 
lision avoidance). The specification 
describes two types of network 
nodes: an FFD (full-function device) that 
can perform any network duties and an 
RFD (reduced-function device) with lim- 
ited resources and functions for cost-sen- 
sitive applications. 

ZIGBEE NETWORKS 

IEEE 802.15.4 defined a global stan- 
dard for the PHY and MAC layers, and 
the ZigBee Alliance defined the remain- 
ing network, security, and application 
layers for the low-rate, low-power wireless 
specification. The ZigBee-defined net- 
work layer is responsible for device dis- 
covery and network configuration. Zig- 
Bee allows star and mesh topologies along 
with a combination of the two — cluster- 
tree networks. Each network must have 
at least one FFD, or coordinator, to pro- 
vide initialization, node-management, 
and node- information storage. To mini- 
mize cost and power consumption, the 
remaining nodes can be the simple, bat- 
tery-operated RFDs. Designers can use 
ZigBee networks with several data-trans- 
mission schemes. For periodic data, such 
as with wireless sensors, nodes wake up at 
set times, transmit sampled data to the 
coordinator, and go back to sleep. A light 
switch delivers intermittent data and may 
connect and communicate with the net- 
work only when someone activates it. 
Repetitive data applications, such as real- 
time-control systems, may use ZigBee's 
guaranteed-time-slot capability to ensure 
communications without latency or con- 
tention. These network-layer data- 
delivery strategies allow system designers 
to trade communications frequency for 
battery life in RFD nodes. Low duty 
cycles allow nodes with coin-type bat- 
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A Burning Issue. 



Design Example: 




100 150 
Performance (MHz) 

Design Example: LX60 vs. 2S60. Target Frequency = 200 MHz. Worst-case process. 
20K LUTs, 20K Flip-Flops, 1Mbit On-Chip RAM, 64 DSP Blocks, 128 2.5V I/Os 
Based on Xilinx tool v4.0 and competitor tool v2.1 
For higher density devices, achieve up to 5W lower power 




L ygrgy Get ISW lower power per FPGA, 
only with the Virtex-4 family 



Check the specs for yourself at realistic operating temperatures 
(Tj = 85 C). Different logic architecture or dielectric just won't 
do it. No competing FPGA comes close to Virtex-4 for total 
power savings -take it to the lab and see. 

• 73% lower static power 

• Up to 86% lower dynamic power 

Unique Triple-Dxide Techndldgy 
Sc Embedded IP 

At the 90nm technology node, power is the next big challenge 
for system level designers. An inferior device can suffer leakage, 
dramatic surges in static power, and thermal runaway. That's 
why we designed our Virtex-4 FPGAs with Triple-Oxide 
Technology™, embedded IP, and power-saving configuration 
circuitry. Now you can meet your performance goals, while 
staying within the power budget. 

Visit www.xilinx.com/virtex4Aowpower today, and get the right 
solution on board before your power issues start heating up. 



K XILINX' 

The Programmable Logic Company^" 

www.xilinx.com/virtex4/lowpower 
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Breakthrough Performance At The Lowest Cost 



View The 
TechOnLine 
Seminar Today 



© 2005 Xilinx, Inc. All rights reserved. XILINX, the Xilinx logo, and other designated brands included herein are trademarks of Xilinx, Inc. All other trademarks are the property of their respective ov^^ners. 
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teries to remain operational for years- 

With the huge number of sensor nodes 
that a typical smart-building environ- 
ment requires, cost becomes critical- 
Designers can cut costs by removing func- 
tions and limiting compatibility with 
external systems- Juan Alvarez, MSP430 
microcontroller-marketing manager for 
advanced embedded controls at Texas 
Instruments, says, "Customers want both 
low cost and low power in sensor net- 
works- A fully compliant ZigBee device 
requires 40 kbytes of flash memory and 5 
kbytes of RAM- That can be expensive 
in a simple node that may be dormant 
95% of the time and wake up only peri- 
odically to transmit short bursts of data- 
Although full functionality in ZigBee 
makes sense for interoperability, low cost 
may be a greater need-" 

Attacking the high cost of ZigBee- 
compatible nodes. Ember recently an- 
nounced the EM250, a true ZigBee sys- 
tem on chip that combines a 2-4'GHz, 
IEEE 802-15-4'Compliant radio trans- 
ceiver with a 16-bit microprocessor (Fig" 
ure 4)- For use with EmberZNet, Em- 
ber's latest ZigBee-compliant embedded 
mesh-networking software, the EM250 
targets designs requiring long battery life, 
low external-component count, and an 
industry-standard networking protocol- 
The EM250's integrated microprocessor 
operates at 12 MHz and includes 128 
kbytes of flash and 5 kbytes of RAM to 
accommodate user applications based on 
the EmberZNet networking library- The 
EM250's deep-sleep mode requires less 
than 1 [xA, even with the sleep timer 
running- For applications requiring 
extended range. Ember also provides an 
easy method of connecting an external 




Figure 5 WebCtrl, Automated Logic's 
Web-based building-control system, uses 
SOAP/XML technology for cross-platform 
data sharing. 




Figure 4 The EM250 ZigBee system on chip combines a 2.4-GHz, IEEE 802.1 5.4-com- 
pliant radio transceiver with a 1 6-bit microprocessor. 



amplifier- The Ember EM250 costs less 
than $4 per unit in high volumes- Venkat 
Bahl, Ember's vice president of market- 
ing, says, "The ability to market Ember- 
enabled products with the official ZigBee- 
compliant designation will bring the 
same kind of market acceptance and 
excitement that WiFi [Wireless Fidelity] 
certification brought to wireless-LAN 
vendors-" 

WEB CONNECT 

Automated Logic has adopted Internet 
technology in its WebCtrl (Web-based 
building-control) system- With its native 
BACnet architecture and support for 
ModBus and Lon Works, WebCtrl inte- 
grates building-subsystem information 
with information- technology protocols 
(Figure 5)- WebCtrl's standard Web-serv- 
ices interface uses SOAP (Simple Object 



Access Protocol) and XML technology 
for cross-platform data sharing with other 
computer systems- Steve Tom, director of 
technical information at Automated 
Logic, says, "XML provides a standard 
method for a building- automation system 
to communicate with another computer, 
whether that computer is in another 
building system or a completely different 
application- Today, building- automation 
manufacturers are adding XML support 
into their Web servers and operator work- 
stations because it is the standard for com- 
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[+] We encourage your comments! 
Go to www.edn.com/050721cs and click 
on Feedback Loop to post a comment 
on this articie. 
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Intersil High Speed Op Amps 



Intersil High Performance Analog 



Need More 
Analog Speed? 

Intersil offers a wide portfolio of High Speed 
Op Amps, including the industry's first Triple 
1GHz Current Feedback, the industry's 
fastest Amplifier in an SC-70 package, and 
a Voltage Feedback with over 700MHz of 
available bandwidth. 



Datasheet, free samples, and more information 
availableatwww.intersil.com/edn 




World's Fastest and Only Triple 1GHz 
Current Feedback Amplifier 

^ Handles ultra-high resolution video with 

room to spare 
^ IGHzgainof 1 bandwidth 

800MHz gain of 2 bandwidth into a 

150^^ load 
^ 6000V/ps typical slew rate 
^ 8.5mA per channel supply current 



1GHz; 
EL5367 



World's Fastest Amplifier in a Tiny SC-70 Package 

Get blazing speed in a tiny package. The EL5167 allows you to significantly reduce board size 
by packing 1 .40 Hz performance in an SC-70 package. The ELS 167 is the smallest and fastest 
high speed amplifier available with a scant 9mA power consumption. 



1.4GHz bandwidth 

6000V/|JS slew rate 

Less than 9mA 
power consumption 













Av 






Vos 




#of 


BW 


SR 


Is 


(min) 


'out 


VOUT 


(max) 


Part No. 


Amps 


(MHz) 


(V/MS) 


(mA) 


(V) 


(mA) 


(V) 


(V) 


EL5160/1 


1 


200 


1700 


0.75 


1 


70 


±3.4 


5 


EL5162/3 


1 


500 


4000 


1.5 


1 


100 


±3.6 


5 


EL5164/5 


1 


600 


4700 


3.5 


1 


140 


±3.8 


3.5 


IeL5166/7 












160 


±3.8 5 1 


EL5260/1 


2 


200 


2000 


0.75 


1 


70 


±3.4 


5 


EL5262/3 


2 


500 


2500 


1.5 


1 


100 


±3.6 


5 


EL5462 


4 


500 


2500 


1.5 


1 


100 


±3.6 


5 



75Q 



Part No. 


BW 
(MHz) 


SR 
(V/Ms) 


Is 

(mA) 


Av (min) 
(V) 


lOUT 
(mA) 


VOUT 
(V) 


EL5360 


200 


1700 


0.75 


1 


70 


±3.4 


EL5362 


500 


2500 


1.5 


1 


100 


±3.6 


EL5364 


600 


4200 


3.5 


1 


140 


±3.8 


EL5367 


ililBI 


lilililil 




1 







Read more about the "Best Video 
Op Amp" in analogZONE's 2004 
Products of tlie Year awards at 
www.analogzone.com ^ 
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Get Current Feedback Performance with Voltage Feedback Control 

Intersil's ELS 104 eliminates that nasty tradeoff between ease of use, DC accuracy, and pure 
speed. We've pushed the usability scale up to and above 700MHz with virtually unlimited slew 
rate, almost zero overshoot, and low power consumption. Ground-breaking EL5X0X family of 
Voltage Feedback Amplifiers provides unmatched AC performance in this architecture. Use in 
place of any current feedback amplifier. 



Virtually unlimited 
siew rate 

700MHz gain of 1 
bandwidth 

^ Almost zero 
overshoot 



^ Low power 
consumption 



Part No. 


#of 
Amps 


BW 
(MHz) 


SR 
(V/MS) 


Vn 
(nV/V Hz) 


IS 
(mA) 


lOUT 
(mA) 


VoUT 
(V) 


Vos 

(max) 
(V) 


EL5100/1 


1 


300 


2200 


10 


2.6 


100 


±3.4 


5 


EL5102/3 


1 


400 


2200 


6 


5.2 


150 


±3.7 


5 


ELS 104/5 




700 




14 


9.5 


160 


±3.8 5 


EL5202/3 


2 


400 


2200 


6 


5.2 


150 


±3.9 


5 


EL5204/5 


2 


700 


3000 


10 


9.5 


160 


±3.8 


10 


EL5300 


3 


200 


2200 


10 


2.5 


100 


±3.4 


4 


EL5302 


3 


400 


2200 


6 


5.2 


150 


±3.7 


5 


EL5304 


3 


700 


3000 


10 


9.5 


160 


±3.8 


10 



Intersil - Amplify your performance with advanced signal processing. 
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Intefsil. 

HIGH PERFORMANCE ANALOG 



VARTA Microbattery 

mobility for you 




Reach your destination faster 
and witli no NRE cost 

Ready-to-use, VARTA PoLiFlex® Polymer battery 
solution for portable applications. 



Energy Density Comparison 
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■ Complete, off-the-shelf, 
design-in solution 

V Advanced, VARTA PoLiFlex^ 
Polymer technology 

■ Highest energy density 
in a slim, light package 

■ Batteries and Charger 
Evaluation Kit 

1 Sizes: 2000m Ah,1 000m Ah, 
750mAh & 550mAh 

M More sizes soon. 



(800) 468-2782 

e-mail: mfo.us@varta-niicrobattery.com 

VARTA Microbattery, inc. 

(914) 592-2500 | wwiiif.varta-microbattery.com 
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municating with other systems at that 
level" (See Reference L) XML data 
exchange allows maintenance-manage- 
ment systems, accounting systems, wide- 
area utility-management programs, and 
other high-level computer applications to 
use the standard enterprise tools to retrieve 
information from WebCtrL It also means 
these tools can write data to WebCtrl, so 
building'Control applications can use 
weather forecasts, real-time energy pricing, 
and other external factors as integral parts 
of building-control applications. 

Smart-building technology will even- 
tually become part of the pervasive com- 
puting movement in which computer 
interactions are natural and unstructured 
(Reference 2). Until then, Web tech- 
nology seems to be the best approach for 
bringing together the highly fragmented 
building-automation industry. Internet 
protocols and Web services allow incom- 
patible systems to share data and integrate 
into the enterprise information-technol- 
ogy structure. 

REFERENCES 

a Tom, Steve, "The ABC's of XML for 
BAS," www.autonnatedlogic.conn/ 
alcinternet.nsf/webview/news_white_ 
papers. 

3 Cook, DJ and DK Sajal, Smart Envi- 
ronments: Technology, Protocols, and 
Applications, Wiley-lnterscience, 2005. 
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Intersil Video Products 



High Performance Analog 




Eliminate Extra Voltage Supply with 
Integrated Triple +3.3V Video Buffer 

The ISL59830 triple video buffer delivers DC-accurate coupling of video onto a 75Q double-terminated line, 

and 300MHz of -3dB bandwidth performance. 



ISL59830 Functional Block Diagram 



The ISL59830 runs on 3.3V, 
eliminating the need for an 
additional 5V supply voltage 



75Q. 



With integrated 6dB buffers, the 
only external components required 
are 75Q termination resistors. 




ISL59830 eliminates 
the need for output DC 
blocking capacitors. 



75a 



i ISL59830 1 i 

^^^^^^^^^^^^^^^^^^^^^ 




ISL59830 eliminates the 
need for switching regulator 
or charge pump in split rail 
implementation by integrating 
on-board regulation. 



Key Features: 

— Triple single-supply buffer 

Operates from single +3.3V 
supply 

^ Eliminates need for DC 
blocking capacitors 

^ Fixed gain of 2 output buffer 

Output 3-statable 

Enable/disable functions 

— 50MHz O.ldB bandwidth 
^ 300MHz -3dB bandwidth 



Video Amplifiers - Raii-to-Raii 



Device 


#of 
Amps 


BW@ 
-3dB (MHz) 


SR 

(V/ps) 


Vs 
(V) 


Vn 
(nVVHz) 


Rail-to- 
Raii 


Gain Ay 
(niin)(V) 


Is 
(mA) 


'bias 
(mA) 


'out 
(mA) 


VoUT 

(V) 


Vos 
(max)(mV) 


Pacltage 


EL8100 


1 


200 


200 


3.3 to 5 


20 


Out 




2 


1.5 


80 


0.1 to 4.9 


6 


6 Ld SOT-23, 8 Ld SOIC, 
8 Ld SOT-23 


EL8101 


1 


200 


200 


3.3 to 5 


20 


Out 




2 


1.5 


80 


0.1 to 4.9 


6 


5 Ld SOT-23 


EL8102 


1 


500 


600 


3.3 to 5 


12 


Out 




5.6 


6 


150 


0.1 to 4.9 


8 


6 Ld SOT-23, 8 Ld SOIC 


EL8103 


1 


500 


600 


3.3 to 5 


12 


Out 




5.6 


6 


150 


0.1 to 4.9 


8 


5 Ld SOT-23 


EL8200 


2 


200 


200 


3.3 to 5 


20 


Out 




2 


1.5 


65 


0.1 to 4.9 


6 


10 Ld MSOP 


EL8201 


2 


200 


200 


3.3 to 5 


20 


Out 




2 


1.5 


80 


0.1 to 4.9 


6 


8 Ld SOIC 


EL8202 


2 


500 


600 


3.3 to 5 


12 


Out 




5.6 


6 


65 


0.1 to 4.9 


8 


10 Ld MSOP 


EL8203 


2 


500 


600 


3.3 to 5 


12 


Out 




5.6 


6 


150 


0.1 to 4.9 


8 


8 Ld MSOP, 8 Ld SOiC 


EL8300 


3 


200 


200 


3.3 to 5 


20 


Out 




2 


1.5 


80 


0.1 to 4.9 


6 


16 Ld QSOP, 16Ld SOIC 


EL8302 


3 


500 


600 


3.3 to 5 


15 


Out 




6 


6 


150 


0.1 to 4.9 


8 


16 Ld QSOP, 16 Ld SOiC 


EL8401 


4 


200 


200 


3.3 to 5 


20 


Out 




2 


1.5 


80 


0,1 to 4,9 


8 


14 Ld SOIC, 16 Ld QSOP 


EL8403 


4 


500 


600 


3.3 to 5 


12 


Out 




5.6 


6 


65 


0.1 to 4,9 


8 


14 Ld SOIC, 16 Ld QSOP 


18159830 


3 


200 


500 


3.0 to 3.6 


20 


Y 


2 


50 


N/A 


50/-18 


-1,8 to 3.3 


25 


16 Ld QSOP 
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World's Only QXGA Capable 
Video Analog Front End 

X98027 Digitizes at 275MSPS 




Automatic Black Level 
Compensation (ABLC)™ 
and gain control 



Analog Front Ends 



Device 


Resolution 
(bits) 


il/lax Conversion 
Rate (IVISPS) 


Typical PLL 

Jitter 
(ps) (P-P) 


Sample 
Phase 
Choices 


Programmable 
Input Bandwidth 
(MHz) 


CSYNCand 
SOG Support 


Typical Power 
Dissipation @ Max 
Conversion Range (mW) 


Package 


X98014* 


8 


140 


250 


64 


100 to 780 


X 


990 


128 Ld MQFP 


X98017* 


8 


170 


250 


64 


100 to 780 


X 


1030 


128 Ld MQFP 


X9802r 


8 


210 


250 


64 


100 to 780 


X 


1090 


128 Ld MQFP 


X98024* 


8 


240 


250 


64 


100 to 780 


X 


1150 


128 Ld MQFP 


X98027* 


8 


275 


250 


64 


100 to 780 


X 


1180 


128 Ld MQFP 



* New Product 
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World's Only Programmable Triple 
Analog Delay Line 

Intersil's EL9115 compensates skew introduced by CAT-5 cable, enabling high-quality video 
through 1 ,000 feet of cheap twisted pair cable. 



EL9115 is programmed to align the RGB 
vertical test bars. De-skewing required 
44ns delay on green and 18ns on red. 
The test bars now line up vertically. 



Video transmitted over 1 ,000 feet of 
CAT-5. Note the lack of alignment 
on the RGB test pattern. 




Up to 1 ,000 Ft. Frequency Domain Skew Compensation 
of CAT-5 Cable Equalization 



CAT-5 Video Line 



Device 


Device Description 


BW@ 
-3dB (MHz) 


SR 

(V/|is) 


Gain Ay 

(min){V) 


Is 

(mA) 


'out 
(mA) 


Package 


EL4543* 


Triple Differential Twisted-Pair Driver with Embedded Sync Encoding 


350 


1200 


2 


13 


60 


24 Ld QSOP 




EL5170 


Single 100MHz Differential Twisted-Pair Driver 


100 


1100 


2 (fixed) 


7 


80 


8 Ld MSOP, 8 


Ld SOIC 


EL5171 


single 250MHz Differential Twisted-Pair Driver 


250 


800 


1 


7 


90 


8 Ld MSOP, 8 


Ld SOIC 


EL5172 


Single 250 MHz Differential Line Receiver, Single Output Amplifier 


250 800 


1 


6 


95 


8 Ld MSOP, 8 


Ld SOIC 


EL5173 


Single 450MH2 Differential Twisted-Pair Driver 


450 


900 


2 (fixed) 


12 


55 


8 Ld MSOP, 8 


Ld SOIC 


EL5174 


Single 550MHz Differential Twisted-Pair Driver 


550 


1100 


1 


12 


60 


8 Ld SOIC 




EL5175 


Single 550MHz Differential Line Receiver, Single Output Amplifier 


550 


622 


1 


10 


60 


8 Ld MSOP, 8 


Ld SOIC 


EL5176 


Single 250MHz Differential Twisted-Pair Driver with Enable 


250 


775 


1 


7 


40 


10 Ld MSOP 




EL5177 


Single 550MHz Differential Twisted-Pair Driver with Enable 


550 


1100 


1 


12 


50 


lOLd MSOP 




EL5370 


Triple IOOMH2 Differential Twisted-Pair Driver, Fixed Gain Amplifier 


100 


1200 


2 (fixed) 


7 


85 


24 Ld QSOP 




EL5371 


Triple 250MHz Differential Twisted-Pair Driver, Fixed Gain Amplifier 


250 


700 


1 


7 


70 


28 Ld QSOP 




EL5372 


Triple 250MHz Differential Twisted-Pair Receiver 


250 


800 


1 


5 


95 


24 Ld QSOP 




EL5373 


Triple 450MHz Differential Twisted-Pair Driver, Fixed Gain Amplifier 


450 


1100 


2 (fixed) 


12 


55 


24 Ld QSOP 




EL5374 


Triple 550MH2 Differential Twisted-Pair Driver, Fixed Gain Amplifier 


550 


850 


1 


12 


60 


28 Ld QSOP 




EL5375* 


Triple 550MH2 Differential Line Receiver, Single Output Amplifier 


550 


900 


1 


10 


60 


24 Ld QSOP 




EL9110 


Differential Receiver (5 pole) and Equal i2er 


150 


1500 


1 


30 


60 


16 Ld QSOP 




EL9111* 


Triple Differential Receiver/Equalizer with Embedded Sync Decoding 


150 


1200 


1 


30/channel 


60 


28 Ld QFN 




EL9112* 


Triple Differential Receiver/Equalizer 


150 


1200 


1 


30/channel 


60 


28 Ld QFN 




EL9115 


Triple Analog Video Delay Line 


100 


800 


1 


60 


90 


20 Ld QFN 
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Dual 4:1/Triple 2:1/Quad 2:1 Switches 

The ISL43231, ISL43240, and ISL43840 analog switches select between various analog sources including 
Composite Video Broadcast Signals (CVBS), S-Video (Y/C), and Component Video (RGB). 



I+Vdd (5V) 




Allow selection and isolation between 
video sources with minimai signal 
degradation and crosstalk. 



Key Features: 

^ >1 50MHz bandwidth 
^ >60dB crosstalk at 10MHz 
^ Fast switching times 




Single supply operation 
Pb-free available 
QFN packaging 



World's Fastest Triple Differential Driver 

The EL5374 monolithically drives RGB signals over CAT-5 and the EL5375 receives these signals for high resolution video. 



550MHz 



F/xed gain version shown 
Programmable gain version £ 




Receiver feedbacl< 
resistors are external 



VOUT 



VOUT 



VoUT 




Key Features: 

^ Fully differential inputs, outputs, and feedback 

^ Differential input range ±2.3V 

^ 550MHz 3dB bandwidth 

^ 1100V/[js slew rate 

^ Low distortion at 5MHz 

^ Single 5V or dual ±5V supplies 

^ 60mA maximum output current 

^ Low power - 1 2.5mA per channel 
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Industry's First Fully-Integrated 
16x5 RGB Video Crosspoint Solution 

Intersil's EL4544 with video sync extraction and pixel-by-pixel overlay for on-screen display. 




SXGA video signals 




Can also operate on coax 



Video Crosspoints 



Device 


Switch or 
MUX 


Configuration BW @ >3dB 
(MHz) 


Slew Rate 
(V/MS) 


is 
(V) 


Gain Ay lo^y 
(min) (V) (mA) 




Diff Gain Diff Phase Package 

(%) n 


EL4544 


MUX 


Buffered Triple 16x5 


300 


1000 


400 


1 to 4 60 




0.05 0.05 


356 Ld BGA 
























Device 


Switch or 
MUX 


Configuration 


•"DSiON} 

(H) 


T{ON) 

(ns) 


T{OFF) 

(ns) 


Leakage 
(nA) 


SRC Cap Dm 
(pF) Cap (ON) 
(pF) 


Ice 
(A) 


Vcc l^snQG 

m 


Package 


HA456 


XPT 


Buffered 8x8 


0,25 


185 


30 


1600 


2.5 2.9 


68m 


±4.5 to ±5.5 


44 Ld PLCC 


HA4314B 


MUX 


Buffered 4x1 


15 


160 


320 


30000 


1.5 2.5 


10.5m 


±4,5 to ±5.5 


14 Ld PDIP, 14 Ld SO!C, 
16 Ld QSOP 


HA4344B 


MUX 


Buffered 4x1 


15 


160 


320 


30000 


1.5 2.5 


10.5m 


±4.5 to ±5.5 


16 Ld SOIC 


HA4404B 


MUX 


Buffered 4x1 


15 


160 


320 


30000 


1.5 2.5 


10.5m 


±4.5 to ±5.5 


16 Ld SOIC 


Device 


Configuration 


rDS{ON) 

(Q) 


Freq. Response Typ. -3dB 14V 
(MHz) 


Crosstalk Typ. -40dB14V 
(MHz) 




Vcc Range 
(±V) 


Package 


CD22M3494 


Unbuffered 16x8x 1 


36 




45 




3 




4V to 1 5V 40 Ld PDIP, 44 Ld PLCC 
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First Quad Component Video IVlUX 




Key Features: 

— Set to gain-of-1 (fixed) ^ 500MHz -3dB bandwidth 

^ Higli-speed 3-state outputs ^ Low supply current of 1 6mA/channel 

^ Power-down mode ^ QFN (5nnm x 5mm) packaging 
^ ±5V operation 



Video MUXes with Integrated Op Amps 



Device 


Configuration 


•3dB (MHz) 


SR 

(V/MS) 


■s 

(V) 


(min)(V) 


'out 
(mA) 


DiffGain 

(%) 


Diff Phase 

n 


Package 


18159420* 


2to1 


500 


900 


5 




100 


0.05 


0.05 


10 Ld MSOP 


ISL59440* 


4to1 


500 


900 


7 




100 


0.05 


0.05 


16 Ld QSOP 


ISL59421* 


2to1 


1000 


1500 


10 




100 


0,05 


0,05 


10 Ld MSOP 


18159441* 


4to1 


1000 


1500 


14 




100 


0.05 


0.05 


16 Ld QSOP 


EL4340* 


Triple 2 to 1 


500 


900 


11 




100 


0.05 


0.05 


24 Ld QSOP 


EL4342* 


Triple 4 to 1 


500 


900 


16 




100 


0.05 


0.05 


32 Ld QFN 


I8L59424* 


Triple 2 to 1 


1000 


1500 


22 




100 


0.05 


0.05 


24 Ld QFN 


ISL59445* 


Triple 4 to 1 


1000 


1500 


32 




100 


0.05 


0.05 


32 Ld QFN 



Switclies 

Device Configuration Ron@5V T,on) Tjqff) BW@ Off Cap On Cap Ig Vg Paclcage 







(a) 


(ns) 


(ns) 


-3dB (MHz) 


(PF) 


(pF) 


(MA) 


(V) 




1SL43110 


Single NO 


11 


37 


21 


220 


15 


40 


0.05 


+2,4 to +12 


5Ld S0T-23,8Ld SOIC 


ISL84514 


Single NO 


13 


47 


28 


220 


14 


30 


2 (Max) 


+2,4 to +12 


5 Ld SOT, 8 Ld SOIC 


I8L43144 


Quad NO 


18 


52 


40 


330 


10 


34 


0.01 


+2 to +12, ±2 to ±6 


16 Ld QFN, 16Ld TSSOP 


ISL8392 


Quad NO 


20 


60 


30 


330 


12 


34 


0.01 


+2 to +12, ±2 to ±6 


16 Ld SOIC 


18L43210 


Single 2x1 


19 


25 


17 


500 


8 


28 


0.05 


+2.7 to +12 


6 Ld SOT-23 


ISL43231 


Triple 2x1 


81 


32 


18 


250 


3 


14 


0.1 


+2 to +12, ±2 to ±6 


20 Ld QFN 


ISL84053 


Triple 2x1 


125 


50 


40 


250 


3 


14 


0.1 


+2 to +12, ±2 to ±6 


16 Ld QSOP, 16 Ld SOIC 


I8L43240 


Quad 2x1 


30 


52 


40 


330 


10 


30 


0.01 


+2 to +12, ±2 to ±6 


20 Ld QFN, 20 Ld SSOP 


ISL8394 


Quad 2x1 


25 


50 


30 


330 


12 


39 


0.01 


+2 to +12, ±2 to ±6 


20 Ld SOIC 


ISL43640 


Single 4 x1 


115 


25 


24 


350 


4 


20 


0,0001 


+2 to +12 


10 Ld MSOP, 16 Ld QFN 


ISL43840 


Dual 4x1 


81 


32 


18 


250 


3 


18 


0.1 


+2 to +12, ±2 to ±6 


20 Ld QFN 


tSL43841 


Dual 4x1 


81 


32 


18 


250 


3 


18 


0.1 


+2 to +12, ±2 to ±6 


20 Ld QFN 


ISL43741 


Diff 4x1 


81 


32 


18 


280 


3 


18 


0,1 


+2 to +12, ±2 to ±6 


20 Ld QFN 


ISL43681 


Single 8x1 


81 


32 


18 


250 


3 


26 


0.1 


+2 to +12, ±2 to ±6 


20 Ld QFN 
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Auto-Adjusting HDTV Sync Separator 
Saves Board Space 




HD-detect flags 720p, 720i, 
1080p,1080i asHD 



The ISL59885's auto line rate adjust eliminates the need for an external 
network of R-C blocks and a switch to select a particular block from a 
particular frequency. 

Very little performance variation over 200°C temperature range. 
Composite sync output is simply a reproduction of the input signal with the 
active video removed. 

Vertical sync pulse is output during the start of the vertical cycle of the 
incoming video signal. 

Horizontal sync out allows better genlocking than verticals sync-based 
genlocks. Horizontal output pulses are inhibited until 75% of the line time is 
reached, then the horizontal output operation is enabled again. 



Video Sync Separators 



Device 


Slicing 


Color Burst Filter 






Outputs 






Composite 


Supply 


Package 




Fixed 


Input 


Internal 


External 


Composite 


Horizontal 


Vertical 


Burst 


Odd/ 


Sync 


Prop Delay 
(ns) 


Current 
(mA) 






(70mV) 


Adaptive 














Even 


Amplitude 




EL1881 


X 






X 


X 




X 


X 


X 




30 


1.2 


8 Ld PDIP, 
8 Ld SOIC 


EL1883* 


X 






X 


X 


X 


X 


X 






30 


1.2 


8 Ld SOIC 


ISL59885* 


X 


X 




X 


X 


X 


X 








30 


2.2 


8 Ld SOIC 


EU511 




X 


Variable 




X 


X 


X 


X 


X 


X 




2.1 


24 Ld QSOP 


EL4501 




X 


Variable 




X 


X 


X 


X 


X 


X 


225 


10.5 


24 Ld QSOP 


EL45B1 




X 


Fixed 




X 




X 


X 


X 




260 


1.7 


8 Ld PDIP, 
8 Ld SOIC 


EL4583 




X 


Variable 




X 


X 


X 


X 


X 


X 


250 


2.5 


16 Ld PDIP, 
16 Ld SOIC 
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World's Fastest Triple Current Feedback Amp 



Drive QUXGAwith 
one device 



75LI 



Named "Best Video Op Amp' 

in 2004 by analogZONE. 




75n 
^1 — VS^ — 



75£2 

-V^ — 



Suppoil all existing resolutions with 
slew rates -SOOOV/iJS. 



Resolution 


6QHe 


75He 




_UXGA 








_wuxga" 
















...8 


na Dayondl 





O) 



Video Amplifiers - High Speed (>50l\/IHz) 



Device 


#of 
Amps 


BW@ 
■3d8 (MHz) 


Slew Rate 
(V/MS) 


Vg 

(min)(V) 


Vs 
{max)(V) 


{nV/^/Hz} 


Gain Ay 
(min)(V) 


U(per amp) 
(mA) 


'out 
(mA) 


OUT 

(V) 


(ma^mV) 


EL5160, EL5161 


1 


200 


1700 


±2.5 


+5.5 


4 


1 


0,75 


70 


±3.4 


5 


EL5260. EL5261 


2 


200 


2000 


±2.25 


±6.6 


4 


1 


0.75 


70 


±3.4 


5 


EL5360 


3 


200 


1700 


±2.25 


±6.3 


4 


1 


0.75 


70 


±3.4 


5 


EL5162, EL5163 


1 


500 


4000 


±2.5 


±5.5 


3 


1 


1,5 


100 


±3.6 


5 


EL5262, EL5263 


2 


500 


2500 


±2.25 


±6.6 


3 


1 


1.5 


100 


±3.6 


5 


EL5362 


3 


500 


2500 


±2.25 


±6,3 


3 


1 


1.5 


100 


±3.6 


5 


EL5462 


4 


500 


4000 


±2.5 


±5.5 


3 


1 


1.5 


100 


±3.75 


1,5 


EL5164, EL5165 


1 


600 


4700 


±2.5 


±5.5 


2.1 


1 


3.5 


140 


±3.8 


3.5 


EL5364 


3 


600 


4200 


±2.25 


±6.3 


2 


1 


3.5 


140 


±3.8 


5 


EL5191 1 


1000 


2800 


±2.25 


±5.5 


3.8 


1 


9 


120 


±3.7 


15 


EL5367 


3 


1000 


5000 


±2.25 


±5.5 


1.7 


1 


8.5 


160 


±3.8 


5 


EL5166 


1 


1400 


6000 


±2.5 


±5.5 


1,7 


1 


8,5 


160 


±3.8 


5 


EL5170 


1 


100 


1100 


±2.25 


±6.0 


28 


2 (Fixed) 


7 


80 


±3.3 


25 


EL5370 


3 


100 


1200 


±2.25 


±6.0 


28 


2 (Fixed) 


7 


85 


±3.8 


25 


EL5100, EL5101 


1 


200 


2200 


±2.25 


±6,6 


10 


1 


2.5 


100 


±3.4 


4 


EL5300 


3 


200 


2200 


±2.25 


±6,6 


10 


1 


2.5 


100 


±3.4 


4 


EL5371 


3 


250 


700 


+2.25 


±6,0 


26 


1 


7 


70 


±3.7 


25 


EL5372 


3 


250 


800 


±2.25 


±6,6 


26 


1 


5 


95 


±3.6 


25 


EL5106 1 


350 


4500 


±2.25 


±6.6 


12 


±1,2 (Fixed) 


1.5 


125 


±3.6 


10 


EL5306 


3 


350 


4500 


±2.25 


±6.6 


12 


+1.2 (Fixed) 


1,5 


125 


±3.6 


10 


EL5102, EL5103 


1 


400 


2200 


±2.25 


±6.6 


6 


1 


5.2 


150 


±3.7 


5 


EL5202, EL5203 


2 


400 


2200 


±2.5 


±6.6 


6 


1 


5.2 


150 


±3.9 


5 


EL5302 


3 


400 


2200 


±2.25 


±6.6 


6 


1 


5.2 


150 


±3.7 


5 


EL5173 


1 


450 


900 


±2.25 


±6.0 


25 


2 (Fixed) 


12 


55 


±3.6 


30 


EL5108 


1 . 


450 


4500 


±2.25 


±6.6 


8 


±1,2 (Fixed) 


3,5 


135 


±3.8 


5 


EL5373 


3 


450 


1100 


±2,25 


±6,0 


25 


2 (Fixed) 


12 


55 


±3.6 


30 


EL5308 


3 


450 


4500 


±2.25 


+6,6 


10 


±1,2 (Fixed) 


3.5 


135 


±3.8 


5 


EL5374 


3 


550 


850 


±2.25 


±6,0 


21 


1 


12 


60 


±3.8 


25 


EL5375 


3 


550 


900 


±2.25 


±6.6 


21 


1 


10 


60 


±3.8 


16 


EL5104, EL5105 


1 


700 


3000 


+2.25 


±6.6 


10 


1 


9.5 


160 


±3.8 


10 


EL5204, EL5205 


2 


700 


3000 


±2.5 


±5 


10 


1 


9,5 


160 


±3.8 


10 


EL5304 


3 


700 


3000 


±2,25 


±6.6 


10 


1 


9,5 


160 


±3.8 


10 
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Want a More 
Dependable Bus? 

Try a better Transceiver. Intersil's new 
ISL8308XE 5V Fractional (1/8) Unit Load, 
RS-485/RS-422 Transceivers incorporate "Hot 
Plug" functionality to keep your bus from 
crashing during power-up and power-down. 

That's not all. These devices feature 15kV ESD Protection; "Full 
Fail-Safe" design to ensure a high Rx output if Rx inputs are floating, 
shorted, or terminated but undriven; and low bus currents to allow up to 
256 transceivers on the network without violating the RS-485 network 
specification's 32 unit load maximum without using repeaters. 



HOT PLUG PERFORMANCE (ISL83080E) vs DEVICE 
WITHOUT HOT PLUG CIRCUITRY (ISL83086E) 




















Dl = 


Vcc 


Vcc 






-3.4 






3.2V 




























A/Y 




r- 












Rl = 






/ 




— ISL83080E 




























RO 








ISL8 


3080E 





























Key Features: 

^ True 1/8 Unit Load allows up to 256 devices on the bus 

^ Hot Plug circuitry to maintain three-state Tx and Rx 
outputs during power-up and power-down 

^ Full Fail-Safe (open, short, terminated and floating) 
receivers 

^ ±15kV HBM ESD Protection on RS-485 I/O pins and 
Class 3 ESD Protection on all pins 

^ Available in Pb-Free and small MSOP packages 



Time (40ms/DIV) 



5V, High ESD, Fractional (1/8) Unit Load RS-485/RS-422 Key Specifications 



Datasheet and more info available 
at www.intersil.com/edn [j^ 



Device 


#ofTx/ 
#ofRx 


Devices 
Allowed 
on Bus 


Half/ 
Full 
Duplex 


High 
ESD? 


Hot 
Plug? 


Data 
Rate 
(Mbps) 


Slew 
Rate 
Limited? 


Tx/Rx 
Enable? 


ICC 
EN / DIS 

(mA) 


SHDN 

Ice 
(mA) 


Vcc 

Range 
(+V) 


Pkg. 


ISL83080E 


1/1 


256 


Full 


Yes 


Yes 


0.115 


Yes 


Yes 


530/530 


0.07 


4.5 to 5.5 


14 Ld SOIC 


ISL83082E 


1/1 


256 


Half 


Yes 


Yes 


0.115 


Yes 


Yes 


560/530 


0.07 


4.5 to 5.5 


8 Ld MSOP 
8 Ld SOIC 


ISL83083E 


1/1 


256 


Full 


Yes 


Yes 


0.5 


Yes 


Yes 


530/530 


0.07 


4.5 to 5.5 


14 Ld SOIC 


ISL83085E 


1/1 


256 


Half 


Yes 


Yes 


0.5 


Yes 


Yes 


560/530 


0.07 


4.5 to 5.5 


8 Ld MSOP 
8 Ld SOIC 


ISL83086E 


1/1 


256 


Full 


Yes 


No 


10 


No 


Yes 


530/530 


0.07 


4.5 to 5.5 


14 Ld SOIC 


ISL83088E 


1/1 


256 


Half 


Yes 


No 


10 


No 


Yes 


560/530 


0.07 


4.5 to 5.5 


8 Ld MSOP 
8 Ld SOIC 
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Proprietary ADAM™ Technology Delivers Superior Performance 



THD+N = 0.06% 
^ Full Bridge (BTL) Output Drive 
^ 90% Efficiency at SOW 
^ High Fidelity 
^9.5V- 24V Supply Range 

Evaluation Board Available 



lOOdB Dynamic Range 
Fully Integrated MOSFETs 
^ TSSOP Package 

Click and Pop Suppression 

MP7782 
THD+N vs. Output Power 



100 




+ 
Q 




0.01 



0.1 1 10 

OUTPUT POWER (W) 



100 



i 






Featurec 










V|N 


Pout 


'out 




Part 


(V) 


(W) 


(A) 


Package 


MP7720 


9.5 - 24 


20 


5 


S0IC8 


MP7731 


9.5-18 


30 


5 


TSSOP20F 


MP7782 


9.5 - 24 


50 


5 


TSSOP20F 


MP8040* 


7.5 - 24 


70 


9 


S0IC8N 



' Integrated 1/2 Bridge 




DC to DC Converters CCFL / LED Drivers Class D Audio Amplifiers 




The Future of Analog IC Technology™ 

www.monolithicpower.com 



Enter 27 at www.edn.com/info 




T 



MAINS 



CLOCK 
OSCILLATOR 
AND 
SCALER 



POWER 
SWITCHING 











REFERENCE 



DIGITAL 
PWM 



RID 

PROCESSOR 
(COMPENSATOR) 



ADC 




SCALING 
FACTOR 



Figure 2 A digital SMPS control loop replaces the error amplifier with an ADC. 
The digital PWM requires a high-speed clock to provide the necessary edge-timing 
resolution. 



BY JOSHUA ISRAELSOHN TECHNICAL EDITOR 

A BIT-O'-POWER: 

digitally controlled 
power conversion 

IRONICALLY PERHAPS, THE LAST SUBSYSTEM TO UNDERGO A 
SUBSTANTIVE SHIFT FROM AN ANALOG- TO A DIGITAL-CONTROL 
ARCHITECTURE IS THE MOST UNIVERSAL: THE POWER SUPPLY 
BEWARE THE HYPE, HOWEVER. DIGITAL POWER CONTROL MAY 
BRING PERFORMANCE BENEFITS TO SOME APPLICATIONS, BUT UNTIL 
YOU BECOME FAMILIAR WITH THE INNER MACHINATIONS, THEIR 
SOPHISTICATION WILL EXACT A PRICE IN APPLICATION-DEVELOP- 
MENT TIME. 



Within reasonable limits 
of voltage and current 
ranges, disparate appli- 
cations often put re- 
markably similar de- 
mands on power-management subsys- 
tems. This initially counterintuitive 
observation derives from the facts that 
many applications draw on common core 
technologies, exploit similar functional 
partitioning schemes, and operate dom- 
inantly on only a few different energy 
sources- Independently of what you de- 
sign, declining operating voltages for 
major subsystems have marked the evo- 
lutionary track of many of the technolo- 
gies you use- The supply tolerances that 
these technologies impose upon power 
subsystems have been in decline, too, in 
rough proportion to the supply voltages. 
Simultaneously, standing currents have 
been on the rise, and, disproportionate- 
ly, dynamic currents have as well- 

IN THE LOOP 

The typical SMPS (switch-mode- 
power-supply) control loop modulates the 
timing of its power switches depending on 
the subsystem's output voltage (Figure 1 )♦ 
Working clockwise from the output, a 
scaling network samples the output volt- 
age, multiplying it by Vq( ideal )A^p^p- The 
term "error amplifier" is something of a 
misnomer. The device compares the scal- 
ing network's output with the reference 
voltage and produces a drive signal for the 
PWM sufficient to force the two input 
voltages to match. (Some literature de- 
scribes the error amplifier as developing 
an output signal proportional to the dif- 
ference between its two input signals, 
which is not the case as long as the loop 
is operating within its linear range.) A 
compensation network scales the ampli- 
fier's dc and low-frequency gain appro- 
priately to the PWM's sensitivity and also 
provides a local high-frequency feedback 
path to ensure adequate phase margin for 
loop stability. This basic structure applies 
to both isolated and nonisolated supplies. 
You can provide isolation (not shown) 
either at the power entry or within the 
power- switching block. 

Beyond the basic issues of voltage reg- 
ulation, this architecture accommodates 
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AT A GLANCE 

El Recent arrivals of digital power 
controllers mark the beginning of 
what many believe is an important 
new trend in power control. Expect 
several competing parts to emerge 
over the coming quarters. 



El Digital power controllers allow 
you to exploit DSP-based filtering 
methods and build a range of sup- 
plies from a common core set of 
parts with model differentiation 
managed in software. 



El DPWM (digital-PWM) edge 
placement requires extremely high- 
speed clocks, which on-chip PLLs 
generally provide. Though the fastest 
signals stay on chip, use good high- 
frequency-layout practices to main- 
tain switching-edge fidelity. 



a variety of common ancillary functions 
with little additional complexity- For 
example, one additional resistor between 
the reference's output and the error 
amplifier's noninverting input provides a 
tracking option, which allows a regulator 
to follow another supply rail or voltage 
source- Here, an external voltage source 
can take control of the regulator's output 
target as long as it can adequately source 
(or sink as necessary) the reference cur- 
rent: I V^^^^^- V^^p I -R^,. Few func^ 
tions are implemented so simply, but the 
architecture accommodates such com- 
mon features as overvoltage protection, 
undervoltage protection, overcurrent 
protection, and current reporting with 
moderate additional complexity and 
with little impact on the regulator's loop 
performance- 

Outside the context of a switching reg- 
ulator, servo circuits similar to this one 
date back to the days of vacuum tubes and 
are among the best studied, characterized, 
and documented control topologies in the 
literature (Reference !)♦ Considering the 
levels of performance that modern 
implementations provide, this loop is a 
remarkably simple and efficient structure, 
and, until recently, not easy to replace 
with a digital equivalent- Indeed, little 
more than a year ago, Astec Power Vice 
President Geof Potter stated, "Peripher- 
al functions have long been within the 
scope of digital'control methods because 



[the] necessary speed and complexity are 
not great- On the other hand, digital con- 
trol of an active feedback loop, including 
a pulse-modulation process ... has been an 
elusive prize due to size, cost, and power 
consumption of components needed for 
practical operation. To successfully com- 
pete with a low-cost analog-control sys- 
tem, a digital equivalent requires data res- 
olution and latency numbers that have 
been available only in large, expensive 
DSP and ADC products. To compound 
the difficulty, there are few, if any, inte- 
grated devices on the market ... that con- 
tain all the necessary functions to con- 
stitute a reasonable [digital] power 'con- 
troller'" (Reference 2). 

BITS OF EMPOWERMENT 

The motivation for such devices is mul- 
tifold: Supplies for product variants with- 
in a family can use identical power-man- 
agement circuits with model- specific tun- 
ing and optimization coded in software or 
by operational coefficients. Onboard self- 
test programs can reduce, enhance, or 
eliminate production testing of power- 
management functions, depending on 
your organization's design and test- 
method policies. A digital power-man- 
agement section can automatically com- 
pensate or replace components subject to 
parametric variation over population, 
time, or temperature. Product and acces- 
sory identification and recognition 
schemes can fit into a digital-power-man- 
agement design with little additional 
hardware and provide enhanced safety, 
product-tracking, and diagnostic infor- 
mation. 

The digitally controlled loop replaces 
the error amplifier and its compensation 
network with an ADC and a control-law 
processor; the processor often imple- 
ments a PI (proportional- integral) or PID 
(proportional- integral-derivative) com- 
pensator (Figure 2). The processor can 
access stored coefficients that determine 
the loop dynamics and can modify those 
coefficients to optimize operation during 
various normal operating modes, tran- 
sient events, and faults. The processor's 
output drives the input to a DPWM (dig- 
ital PWM), which in turn determines the 
switching-edge positions by calculating 
and timing as opposed to exploiting 
the analog loop's threshold-detection 
method. 



The macroscopic similarities between 
the analog- and the digital-control-loop 
topologies mask the complexity of such 
a replacement. For example, both analog- 
and digital-control loops must compen- 
sate for the phase lags that the forward 
path imposes between the power-switch 
inputs and the filter output. The digital 
implementation must also contend with 
the additional phase lag due to analog-to- 
digital-conversion delays and computa- 
tional latencies through the control- law 
processor. 

In addition to operating as a discrete 
time circuit, the digital-control loop is a 
quantizer, whereas the analog-control 
loop operates in continuous time and 
amplitude. These distinctions impose 
structural requirements and performance 
limitations on the digital loop. These 
constraints have until recently made high 
loop bandwidths and tight output toler- 
ances difficult to attain on a large mixed- 
signal IC. For example, the ADC deter- 
mines the resolution of the output-volt- 
age setting — the first line item on your 
output-voltage-error budget. You can cal- 
culate your minimum resolution from 
your nominal output voltage, Vq, and the 
setting resolution, AV^: 



RESOLUTION = log2 



o__ 



AVr 



In 



AVc 
ln(2) 



(BITS). 



To prevent limit-cycle oscillations in 
the output, quantizers that follow the 
ADC, including the DPWM, must 
exhibit a greater resolution than the 
ADC (Figure 3). This requirement 
ensures that a stable output value will 
exist for each possible ADC quantity. 
Referring to Figure 2, 

m— n > 1. 

The DPWM essentially translates bits 
of amplitude into bits of time. The power 
section's switching rate and the con- 
verter's amplitude resolution set the 
DPWM's minimum timing resolution: 
The DPWM must fit 2" bits within the 
power section's switching interval. For 
example, in a controller that follows an 8- 
bit DAC with a 9-bit DPWM controlling 
a power section with a 1-MHz switching 
rate, the DPWM timing resolution is 
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At 



DPWM ■ 



1 



RESn 



lMHzx2^ 



f 7 

= 1.953 nSEC 



DIGITAL PWM 

(LSB) 



The reciprocal of the DPWM timing 
resolution gives the DPWM clock 
rate, which for this modest example 



f. 



1 



CLK ■ 



At 



: 512 MHz. 



DPWM 



As 



the voltage-setting resolution 
increases, the DPWM clock does 
likewise: one octave per bit. Because 
some emission is likely at both the 
system and the DPWM, consider the 
radiated-noise spectrum of a power 
supply that uses a digitally controlled 
loop in the context of your applica- 
tion's signal band before committing ^ 
to the power-subsystem design. Also, be 
sure to observe good high-frequency- lay- 
out practices, particularly in the regions 
of the switch-drive and clock signals. 
Conduction of RF from the regulated dc 
output, Vq, is unlikely due to the output 
filter, but radiated RF emissions are still 
a layout concern (Reference 3). 



POWER IN NUMBERS 

The theoretical and technological- 
development work behind digital power 
controllers has been ongoing for some 
years, but this spring brought the an- 
nouncement of ICs that implement the 
architecture from Texas Instruments and 
Silicon Laboratories. The Texas Instru- 
ments approach is a two-chip set with sev- 
eral options to accommodate a variety of 
SMPS topologies (Figure 4)- ICs from the 
UCD9k and UCD7k families combine 
with your power-switching and filter sec- 
tions to form a complete power subsystem. 

The UCD7100 and 7201 single- and 
dual-channel, low-side MOSFET gate 
drivers feature microcontroller- and 
DSP-compatible inputs and can operate 
at switching rates as fast as 2 MHz. The 
drivers can typically source or sink 4A 
and feature maximum rise and fall times 
of 20 and 15 nsec, respectively, when 
driving 2.2-nF loads. The maximum 
input-to-output propagation delay is 35 
nsec. Both drivers provide cycle-by-cycle 
current limiting, programmable limit 
thresholds, and logic-level limit-status 
flag outputs. The ICs can operate supplies 




Figure 3 If the DPWM's resolution is coarser than 
that of the ADC that precedes it, limit-cycle oscilla- 
tions can result. 



in the range of 4-5 to 15 V and include an 
on-chip 3.3V regulator rated for 10 mA, 
which you can use to power external cir- 
cuits, such as a low-power microcontroller 
or ASIC. The 99-cent, single-channel 
and $1.20, dual-channel drivers are avail- 
able in QFN-14 and QFN-16 packages, 
respectively. Both parts are also available 
in HTSSOP-14 packages and are rated for 
operation at -40 to +105°C. 

TI also currently offers four other driv- 
ers in the UCD7k family. Various members 
include a synchronous-buck driver with 
current sensing, and single- and dual-chan- 
nel, low-side drivers with llOV start-up 
capability. The dual-channel ICs are avail- 



able with either independent or com- 
mon current sensing. Members of the 
UCD7k-family drivers mate with a 
variety of processors, including the 
UCD9501 and its kin. The 9501, the 
first of the UCD9k family, compris- 
es a 100-MHz, 32-bit Harvard DSP 
core; a clock- and timing-control 
block; a 12-bit, 6.25M-sample/sec 
ADC; extensive digital I/O, includ- 
ing PWM outputs; and memory. 

The ADC features a 16-channel 
multiplexer and a sample-and-hold 
amplifier and operates over a 3V 
unipolar range. You can program the 
ADC to synchronize with the PWM 
outputs or initiate a conversion by 
either software command or hard- 
ware interrupt. A built-in sequencer 
can take as many as 16 samples with 
one command. You can program the 
sequencer to take each sample from any 
of the 16 input channels. The converter's 
INL (integral nonlinearity) and DNL 
(differential nonlinearity) are typically 
1.5 and 1 LSBs, respectively, at 6.25M 
samples/sec; the manufacturer provides no 
limit specs. Similarly, ac-converter spec- 
ifications are available only as typical val- 
ues: 76-dB SFDR (spurious-free dynamic 
range), 67-dB SNR, and 10.6-bit ENOB 
(effective number of bits), all at 100 kHz, 
suggest that the converter is largely noise- 
limited but at sufficiently low values for 
power-management applications. When 
the device is operating with a 100-MHz 
system clock, on-chip timers can set the 
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Figure 4 Texas Instruments' UCD9k and UCD7k ICs combine to form a digital power 
controller. 
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output edge positions of the three high- 
resolution PWM channels to a nominal 
granularity of 150 psec. At a 1-MHz 
power- switching rate, errors due to the 
PWM's finite-edge-placement resolution 
fall below the converter's noise floor. 

TI offers the $5.79 ( 1000) digital power 
controller in an LQFP-1 00 package with 
three temperature-range options extend- 
ing to 125°C. The IC operates on 33 and 
L8V supplies and typically dissipates V2W. 
Support tools include a $495 eZdsp starter 
kit, a C/C+ + compiler/assembler/linker, 
TPs Code Composer Studio IDE, evalu- 
ation modules, JTAG controllers, and TPs 
DSP/BIOS. 

Silicon Labs takes a dual-processor 
approach that separates all of the com- 
munication and housekeeping activities 
from the primary task of loop control 
(Figure 5). At the block-diagram level, 
the Si8250 digital-power-controller fam- 
ily performs the functions of TPs UCD9k 



family, though their internal architectures 
significantly differ. That fact leaves you 
to provide the driver and current sensing 
that the TI UCD7k family provides. 
However, a cursory search reveals some 
15 reputable vendors of power-MOSFET 
drivers, so it is reasonable that Silicon 
Labs didn't reinvent the wheel when 
developing its first power-controller ICs. 

One advantage of the Si8250 that is 
evident at first glance is its size: The dual- 
processor controller fits into QFN-28 and 
LQFP-32 packages. In exchange for the 
reduced pinout, the SiLabs part does 
without some of the ADC's multiplexer 
width — eight rather than 16 channels — 
and the 8250 family provides a somewhat 
more modest complement of digital- I/O 
facilities than does the UCD9k, which 
devotes more pins that function — 35 — 
than does the entirety of the 8250's pack- 
age. (Ironically, perhaps, the Si8250 man- 
ages to fit in six PWM outputs — the busi- 



ness end of these devices — compared 
with the UCD9k's three.) If you can do 
with the more modest facilities of the 
$2.49 (1000) Si8250, another benefit in 
addition to its relatively reduced girth is 
a maximum dissipation of 69 mW. 

The 8250 operates with an internal 25- 
MHz system clock. An internal PLL- 
based clock multiplier derives 50-, 100-, 
and 200-MHz clocks for the loop-control 
ADC, DPWM, and some peripherals. 
Programmable options include operation 
with an external clock with an on-chip, 
3 -bit programmable prescaler and an inte- 
grated 80-kHz, low-frequency clock, 
which is useful for certain low-power, 
nonoperational modes. 

Silicon Labs provides a dedicated 10- 
MHz, 6-bit loop-control ADC and a sep- 
arate 12-bit ADC with an eight-channel 
multiplexer for current, temperature, and 
other housekeeping measurements. The 
loop-control ADC meets 2- and 1-bit 
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Figure 5 The Silicon Laboratories Si8250 commits a dedicated ADC and DSP-filter engine to loop control. A separate ADC and 
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INL' and DNL-limit specs, respectively — 
a bit chubby for a 6-bit converter from a 
specsmanship perspective, perhaps, but 
adequate for many power- controller 
applications. A reference DAC allows you 
to program the LSB size from 2 to 20 mV 
for a dynamic range of 128 mV to 1.28 V 
As yet, SiLabs has neither specified the 
loop-control ADC's ac performance, nor 
announced an intention to do so. 

One unusual "feature" — in the "it's- 
not-a-bug-it's-a-feature" sense of the 
word — of the Si8250's 300-page data 
sheet is that the specification table does 
not exist in a single section. Instead, the 
document tucks away pieces of the table 
at the end of each table segment's relative 
text. This approach distributes informa- 
tion critical to the part-selection process 
and early-design phases throughout the 
book-sized data sheet. In many cases, 
you'll find spec-table fragments under 
subparagraphs that you might otherwise 
hardly notice. Although this organization 
may be useful for those who assembled 
the data-sheet source materials, it can be 
cumbersome for users of the resultant doc- 
ument. You may, therefore, wish to have 
the data sheet in PDF form on a laptop 
for quick text searches, particularly if you 
are developing your first application using 
the 8250. Alternatively, you can arm 
yourself with a healthy supply of Post- it 
Notes. 

Among the support tools for the Si8250 
family is a $199 IDK, which features a 
GUI-based design interface and timing 
design wizard. The tool set comprises a 
real-time firmware kernel with C 
source code, microcontroller-configura- 
tion software, and a USB debugging 
adapter. EDM 
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Pin-Compatible Family Features UOdB Channel-to-Channel Isolation at lOOMHz 

The LTC®2299 family of low power, high speed dual ADCs provides -llOdB crosstalk for excellent channel isolation at 
extremely low power consumption. At just 445mW, the LTC2299 consumes less power than even slower competitors. 
Ideal for basestation applications, it achieves 73dB Signal-to-Noise Ratio (SNR) and 85dB Spurious Free Dynamic Range 
(SFDR) at 70MHz. These new dual ADCs join our expanding family of low power, high speed single ADCs, ranging from 
lOMsps to IZOMsps at 10-bit, 12 -bit and 14-bit resolution. 
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• 73dB SNR up to 70MHz 
•85dB SFDR up to 70MHz 

• UOdB Channel Isolation 

• Single 3V Supply (2.7V to 3.4V) 

• Multiplexed or Separate Data Bus 

• 64-Pin (9mm x 9mm) OFN Package 
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Power-supply interrupter fights 
ESD-induced device latch-up 

Emerson Segura, Lifescale Global Diagnostics Inc, Toronto, ON, Canada 



Under certain conditions, ESD 
events can damage digital circuits 
by causing latch-up- For example, 
when ESD triggers them, parasitic tran- 
sistors normally formed as parts of a 
CMOS device can behave as an SCR 
(silicon-controlled rectifier). Once 
ESD triggers, the SCR presents a low- 
resistance path between portions of the 
CMOS device and conducts heavily- 
Damage to the device can result unless 
you immediately remove power from the 
circuit. ESD from human interaction 
presents a significant problem for 
mobile industrial and medical devices. 
For adequate ESD protection, most 
medical and industrial devices require a 
grounded return path for ESD currents. 
In the real world, mobile devices may 
serve in environments in which properly 
grounded power outlets are unavailable. 



To protect expensive equipment from 
latch-up failures even when no ESD 
ground is present, you can add the 
power- interruption circuit shown in 
Figure 1 to prevent damage when ESD- 
induced latch-up occurs. Under normal 
conditions, current drawn by ESD-sus- 
ceptible devices develops a small volt- 
age across sense resistor R^. A voltage 
divider formed by R^ and R^ defines a 
reset-current threshold for the LED 
portion of optoisolator ICp and, under 
normal operational current consump- 
tion, the LED remains dark. 

The output of IC^ controls the gate 
bias applied to MOSFET which is 
normally on. When latch-up occurs, 
power-supply current drain rapidly 
increases by an order of magnitude or 
more. The large voltage drop developed 
across R^ forward-biases IC^'s LED, 
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Figure 1 Upon sensing an overcurrent spike, this circuit interrupts power and 
enables the circuit's recovery from ESD-induced latch-up. 
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protection 



which in turn drives IC^'s photo tran- 
sistor into conduction and shuts off Qp 
interrupting dc power to ESD-suscep- 
tible devices for several milliseconds. In 
addition, the system's firmware design 
must allow for automatic recovery from 
a power interruption. 

The following describes the rela- 
tionship between the reset-current 
threshold and the values of R^ and R^: 
{R^+R^)/R={l^XR^)/V^^^, in which 

LED* 

The ESD-induced fault threshold 
current, I^, is greater than or equal to 
the optoisolator LED's conducting for- 
ward-voltage drop divided by the value 
of sense resistor R^. Also, the raw 
power-supply voltage must exceed the 
LED's forward- voltage drop. Resistor R^ 
provides a path for IC^'s base-leakage 
current, and resistors R3 and R^ deter- 
mine Q^'s gate-shutoff bias. 

In Figure 1, the optoisolator presents 
an LED forward- voltage drop of 1.2V. 
For the component values shown, the 
circuit momentarily interrupts V^^. 
when ESD-induced power-supply cur- 
rent exceeds approximately 300 mA. 
Total cost of the six resistors, one MOS- 
FET, and one optoisolator is approxi- 
mately $1 (production quantities ).EDN 
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High-impedance FET probe extends 
RF-spectrum analyzer's usable range 



Steve Hageman, Windsor, CA 

Current models of spectrum ana- 
lyzers routinely offer frequency 
responses that begin as low as 10 Hz. 
When you combine them with 1 -Hz or 
narrower band FFT software, expand- 
ed low-frequency performance makes 
the modem spectrum analyzer an in- 
valuable tool for designing and debug- 
ging high-performance analog circuits. 
Unfortunately, a spectrum analyzer 
that's primarily for RF typically presents 
an input impedance of 5 OH, a heavy 
load when you apply it to most high- 
impedance analog circuits. You can 
improvise a somewhat higher imped- 
ance probe by adding a 95311 resistor 
in series with the SOU input, but this 
approach provides only a l-kO input 
impedance and reduces the measured 
signal by 26 dB. 

In addition, most RF-spectrum ana- 
lyzers lack ac coupling, and, thus, any 
dc- input component directly reaches 
either the internal terminating resistor 
or the front- end mixer. To maintain a 
10-Hz, low-frequency response, you 



must connect a coupling capacitor with 
a value of at least 2 fjuF in series with 
the 9530 input probe. Although oscil- 
loscopes' input circuits can withstand 
accidental probe contacts and capaci- 
tive-transient overloads, using a low- 
impedance, ac-coupled probe with a 
spectrum analyzer can lead to destruc- 
tion of the analyzer's expensive and 
possibly hard-to-replace front-end 
mixer. 

Although high- impedance probes are 
commercially available, they're expen- 
sive to purchase and repair. This Design 
Idea offers an alternative: an inexpen- 
sive and well-protected unity-gain 
probe that presents the same input 
impedance as a basic bench oscillo- 
scope and can drive the spectrum ana- 
lyzer's 5 on input impedance. The 
probe has a gain of 0±0.2 dB at 100 
kHz. Input impedance is 1 Mil, 15 pF, 
and maximum input is 0.8V p-p. Load 
impedance is 5 OH, and frequency 
response is 10 Hz to 200 MHz at -3 dB. 
Passband ripple is less than 1 dB p-p. 



' Input noise at 1 MHz is less than 10 
nV/VHz. Distortion for 0.5 V p-p input 
at 10 MHz is less than — 75 dBc for sec- 
ond-order distortion and less than — 85 
dBc for third order. Power requirements 
are ±5 V at 16 mA. 

You can assemble the circuit in Fig- 
ure 1 in an afternoon from readily 
available and inexpensive compo- 
nents. The circuit's input presents the 
same characteristics as a bench oscil- 
loscope — a 1-MIl resistance in paral- 
lel with 15 pF of capacitance. You can 
also use this active probe in place of 
standard 1-to-l or 10-to-l oscilloscope 
probes, thus extending the design's 
applicability. The back-to-back silicon 
diodes in the D^ clamp the input signal 
to plus or minus one forward-voltage 
drop, which limits signal excursions you 
apply to the spectrum analyzer's front 
end, thus protecting the input mixer 
from damage due to overloads and 
ESD. Because most users employ the 
probe and spectrum analyzer to meas- 
ure small-amplitude signals and noise. 
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Figure 1 Just a handful of parts can help extend a spectrum analyzer's performance. This unity-gain probe emulates a stan- 
dard oscilloscope probe's 1 -Mil and 1 5-pF input characteristics and easily drives 5011 loads. 
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New, Wide-Input Range Half Bricks Deliver 21 and 12 Amps 



UHP-12/21-D48, designed for "distributed power" 
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a 36-75V input range. 
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• Efficiencies to 92% 
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• Industry leading thermal performance 

• Industry- standard trim equations 

• Standard half-brick packages and pinouts 

• UL60950/EN60950 certified 
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the limited large-signal response does 
not affect most applications- 

High-performance FET input opera- 
tional amplifier IC^ a Texas Instru- 
ments OPA656, provides a voltage gain 
of two- This configuration yields a 
bandwidth of approximately 200 MHz 
(Figure 2)- The OPA656 can drive 
5 on back-matched loads for a total 
load of lOOn, which results in a 6-dB 
gain loss for which IC^'s gain of two 
compensates for a net gain of unity. The 
OPA656 also introduces lower noise 
and distortion than that of most com- 
mercially available, active FET-based 
probes. 

The probe in Figure 3 fits into a 
small section of brass hobby tubing. 
The input connector comprises a small 
SMA edge-launch connector that you 
can easily adapt to other connectors, 
including the BNC and its many acces- 
sories. The probe requires 5 and — 5V 
at approximately 18 mA each, which 
you can obtain from an instrument's 
probe-power connector if available 
or from a linear supply designed around 
an ac wall transformer. For best 
results, use 78L05 and 79L05 voltage 
regulators to stabilize the supply 
voltages. 

Standard miniature 5 OH coaxial 
cable connects the probe to the meas- 
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Figure 2 The probe's measured — 3-dB frequency response extends from 1 Hz 
to 200 MHz with slightly less than 1 -dB passband ripple, which compares favor- 
ably with the ±2-dB response of many commercial active-FET probes. 




Figure 3 You can assemble the probe on a piece of breadboard that fits into a 
section of brass tubing from model and hobby shops. An SMA input connector 
matches a multitude of adapters and probe tips, a few of which are shown. 
Use a rubber grommet to close the probe's output end. 



uring instrument. For the flattest fre- 
quency response and uniform gain, ter- 
minate the probe's output with 500; 



the circuit requires no dc-output-block- 
ing capacitor. EDN 



Watchdog circuit protects against loss 
of battery charger's control signals 

Andy Fewster, Maxinn Integrated Products Inc, Hannpshire, UK 



Recharging a mobile phone's 
internal battery usually occurs 
under control of a proprietary charging 
algorithm that resides in the baseband 
controller. The charger connects to the 
internal battery through a P-channel- 
MOSFET switch of low on-resistance 
(Figure 1 ). A baseband controller sup- 
plies a PWM signal that drives the 
switch. To minimize power dissipation 
and consequent thermal problems in 
the phone, the charging supply — usu- 
ally a plug- in transformer assembly — 
features internal current limiting and 



has specifications that correspond to 
the battery's chemistry and charge- 
recovery requirements. 

However, if the baseband processor 
stalls for any reason, the nearly direct 
charger-to-battery connection could 
damage the battery. To circumvent the 
problem, another circuit monitors the 
charger's PWM input and disables the 
series power switch after a predetermined 
delay interval (Figure 2). The circuit 
operates independently of the baseband 
unit's processor and allows charging to 
resume when the PWM signal returns. 



In this circuit, microprocessor super- 
visor ICp a Maxim MAX6321 that 
includes a watchdog circuit that can 
monitor software execution, drives IC^, 
a normally open SPST analog switch. 
Components R^, D^, and protect IC^ 
and IC^ by limiting V^^^^ to a maximum 
of 5.1 V. Resistor R^'s value isn't critical 
because the protection circuit's quies- 
cent current is low at approximately 30 
|jlA. Select R^ to provide just enough 
current — for example, 0.5 mA — to bias 
zener diode into the "knee" of its 
characteristic V-I curve. 

(continued on pg 76) 
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Tiny Versatile Buck Regulators Operate from 3.6V to 36V Input 

Design Note 367 
Hua (Walker) Bai 



Introduction 

Linear Technology offers two new buck regulators that 
operate from a wide input voltage range (3.6V to 36V) and 
take so little space that they easily solve many difficult 
power supply problems. The LT®1936 and LT1933 are 
perfect for applications with disparate power inputs or 
wide range input power supplies such as automotive 
batteries, 24V industrial supplies, 5V logic supplies and 
various wall adapters. Both parts are monolithic current 
mode PWM regulators which provide excellent line and 
load regulation and dynamic response. They operate at a 
500kHz switching frequency, enabling the use of small, 
low cost inductors and ceramic capacitors, resulting in 
low, predictable output ripple. 

Small Size and Versatility 

The LT1936 regulator includes a 1 .9A power switch in a 
tiny, thermally enhanced 8-lead MSOP. The LT1 933 regu- 
lator includes an internal 0.75A power switch in a tiny 
6-lead ThinSOT™ package, which occupies less than 
0.1 5in^ board space. The LT1936 offers the option of 
external compensation for design flexibility or internal 
compensation for compa ct solution size. Both parts offer 
soft-start via the SHD!\I pin, thus reducing maximum 
inrush currents during start-up. Both parts also have a 
very low, 2|iA shutdown current which significantly 



Vim 

4.5V — 
TO 36V C6 



C1 

2.2nF 
50V 



C1;TDKC3225X5R1H225M 
C2:TDKC3225X5R0J476M 
C6: SANYO 50CV22BS 
D1: DIODES, INC DFLS140L 



L1: TOKO D63CB P/N: A916CY-100M 




Figure 1. Typical Application of LT1936 Accepts 
4.5V to 36V and Produces 3.3V/1.2A 



extends battery life in applications that spend long periods 
of time in sleep or shutdown mode. During short circuit, 
both parts offer frequency foldback, where the switching 
frequency decreases by about a factor of ten. The lower 
frequency allows the inductor current to safely discharge, 
thereby preventing current runaway. 

LT1 936 Produces 3.3V at 1 ,2A from 4.5V to 36V 

Figure 1 shows a typical application for the LT1 936. This 
circuit generates 3.3V at 1.2A from an input of 4.5V to 
36V. With the same input voltage range, the LT1933 
circuit can supply 500mA. The typical output voltage 
ripple of the Figure 1 circuit is less than 16mV while 
efficiency is as high as 89%. Excellent transient response 
is possible with either external compensation or the inter- 
nal compensation; this circuit uses internal compensation 
to minimize component count. A high ESR electrolytic 
capacitor, C6 in Figure 1 , is recommended to damp over- 
shoot voltage in applications where the circuit is plugged 
into a live input source through long leads. For more 
information, refer to the LT1933 or LT1936 data sheet. 

Producing a Lower Output Voltage from the LT1936 

In orderto fully saturate the internal NPN powertransistor 
of the LT1936, the BOOST pin voltage must be at least 
2.3V above the SW pin voltage. A charge pump compris- 
ing D2 and C5 creates this headroom in Figure 1 . Never- 
theless, when the output voltage is less than 2.5V, different 
approaches are needed. Figure 2 shows one example. It 
allows Vj[\| to go up to 36V and generates 1 .4A at 1 .8V. In 
this circuit, 02 serves as an inexpensive Zener. The emit- 
ter-base breakdown voltage of 02 gives a stable 6V refer- 
ence. The charging current for the BOOST capacitor, C5, 
passes through the follower, 01 . R4, 01 and 02 limit the 
BOOST pin voltage below its maximum rating of 43V. If 
the maximum V||\| in an application is less than 20V, sim- 
ply tie V||\j to 02 to allow a lower minimum input voltage. 

XT, LTC and LT are registered trademarks of Linear Technology Corporation. 
ThinSOT Is a trademark of Linear Technology Corporation. 
All other trademarks are the property of their respective owners. 
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VOUT 
1.8V 
1.4A 




C1:TDKC3225X5R1H225M 

C2.C8: TDK C3216X5R0J476M 
C6: SANYO 50CV22BS 
D1: DIODES, INC DFLS140L 
D2: CENTRAL SEMI CMDSH- 
LI: TOKO D63CBP/N: A916CY- 
Q1,Q2: DIODES, INC MMBT3904 



Figure 2. This Circuit Generates Lower Output Voltage 
While Allowing Maximum Input Up to 36V 

Negative Output from a Buck Regulator 

The circuit sliown in Figure 3 can generate a negative 
voltage of -3.3V from a buck regulator such as the 
LT1 933. This circuit effectively sets the ground reference 
of the LT1933 to -3.3V. The average inductor current of 
this circuit is the summation of the input and output 
current. The available output current is a function of the 
input voltage as shown in Figure 4. 
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Figure 3. This Circuit Produces -3.3V from 4.5V to 30V 



Figure 4. Maximum Output Current of the Circuit 
in Figure 3 as a Function of the Input Voltage 

Tiny Circuit Generates 3.3V and 5V from a 
Minimum 4.5V Supply 

The circuit in Figure 5 is capable of generating two output 
voltages from a minimum 4.5V supply. One output is 3.3V 
at 300mA, the other 5V at 50mA. The circuit is especially 
useful in automotive cold crank conditions when the 
battery voltage drops below 5V but both the 3.3V and 5V 
outputs need to be alive. If more current is needed, the 
circuit can also be implemented using the LT1936. Even 
though the input of the LT1761-5 is unregulated, the 5V 
output is regulated by the LT1761-5 LDO. To maintain 
regulation, the 3.3V output current should be always well 
above the 5V output current, especially when Vim is low. 

Conclusion 

The LT1933 and LT1936 step-down switching regulators 
accept a wide variety of input sources as well as offer 
compact, efficient and versatile solutions to many other- 
wise hard-to-solve problems. 
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Figure 5. From a Minimum 4.5V, This Circuit Produces Two Outputs at 3.3V/300mA and 5V/50mA 
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The protection circuit consumes no 
power except when the battery under- 
goes charging and therefore doesn't bur- 
den the battery. Supervisor IC^ provides 
a RESET output that can serve as a 
charger-ready interrupt input to the 
baseband'controller CPU. The RESET 
output's open-drain structure allows its 
connection to other circuits that oper- 
ate from different supply voltages. Sup- 
plying power to the watchdog and 
PWM circuits only during charging also 
prevents reverse current from flowing 
into the IC^'s RESET output and dis- 
charging the battery via a sneak path. 

The timing diagram illustrates the 
circuit's operation when an active 
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Figure 1 A typical mobile phone's battery-charger input circuit comprises a 
series switch controlled by a PWM signal. 
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Figure 2 Adding watchdog protection to the circuit of Figure 1 guards against battery damage when the baseband proces- 
sor stalls or ceases software execution. 




tRp=RESET- ACTIVE-TIME-OUT PERIOD (200 mSEC). 
tRD=RESETDELAY TIME FROM V^c (40 |xSEC). 



Figure 3 Reset-timing relationships for the circuit of 
Figure 2 illustrates its power-on behavior. 
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NOTES: 

t^P=WATCH DOG-TIME-OUT PERIOD (1.6 SEC). 
tRp=RESET- ACTIVE-TIME-OUT PERIOD (200 mSEC). 



Figure 4 When PWM pulses cease, the watchdog circuit 
disables the charger after a 1 .6-sec interval. 
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WORLD'S FASTEST, 12-BIT ADCs 
SAMPLE UP TO 250Msps 

Pin-Compatible 8-/1 0-/1 2-Bit ADC Family for Broadband Communications 



OUTSTANDING DYNAMIC PERFORMANCE 
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OBSERVATION RECEIVER 



yi/i>jxi>i/i 

MAX1213-MAX1215 



ADC 



♦ Excellent Dynamic Performance 

♦ SNR = 66.3dBatf|N = 65IVIHz 

♦ SNR = 64.3dBatf|N = 250IVIHz 

♦ 62.2dBNPRatfNGTCH = 22IVIHzand 
Noise Bandwidth = SSMHz 

♦ 36% Lower Power: 
820mW atfs = 210IVIsps 

4 Pin-Compatible 8-/1 0-/1 2-Bit Versions 

4 CMOS or LVDS Interface Options 

ykiyjxiyM 

www.maxim-ic.com/HSC 
FRS High-Speed ADCs, DACs, & Alls Design Mie—Sent Within 24 Hours! 

CALL TOLL FREE 1-800-998-8800 (6:00 a.m.-6:00 p.m. PT) 
For a Design Guide or Free Sample 



Part 


Resolution 
(Bits) 


Speed 
(Msps) 


SNR (dB) 
f,N = 180IVIHz, -1dB 


Interface 


MAX1215 


12 


250 


65.8 


LVDS 


MAX1214 


12 


210 


65.7 


LVDS 


MAX1213 


12 


170 


65.8 


LVDS 


MAX1 124/23/22 


10 


250/210/170 


56.3/57/57.1 


LVDS 


MAX1121 


8 


250 


48.8 


LVDS 


MAX19542 


12 


170 


64.5 


CMOS 


MAX19541 


12 


125 


65 


CMOS 



^Ifi^^l Arv\ouu. 



1-888-i\1AXIM-IC 



ARROW ELECTRONICS, INC, 
1-800-777-2776 



fAVNEr 



1-800-332-8638 



Distributed by Maxim/Dallas Direct!, Arrow, Avnet Electronics Marketing, Digi-Key, and Newark. 
The Maxim logo is a registered trademark of Maxim Integrated Products, Inc. The Dallas Semiconductor logo is a registered trademark of Dallas Semiconductor Corp. 

© 2005 Maxim Integrated Products, Inc. All rights reserved. 
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charger connects to the phone's charge 
er- input socket (Figure 3)- In this 
example, the MAX6321--HPUK30^CY 
that IC^ uses is factory- trimmed for a 3 V 
reset threshold, and the -CY suffix indi- 
cates complementary reset outputs and 
a L6'Sec delay interval The reset inter- 
val begins when V^^ reaches 3V±45 
mV After 200 msec, RESET goes low. 



and RESET goes high. 

The RESET output releases the 
SPST analog switch, IC^, which 
enables the PWM input- Meanwhile, 
the active WDI (watchdog input) 
monitors the PWM input signal. If no 
signal transitions occur within 1.6 sec, 
the RESET and RESET outputs 
become active, disabling the PWM 



input and pausing the charger algo- 
rithm using a CPU interrupt that the 
charger-ready signal conveys (Figure 
4). All active and passive components 
for the circuit are available in surface- 
mount packages. Pass transistor Q^, a 
Siliconix-Vishay SiS5853, includes an 
integrated Schottky diode, D^.EDN 



Circuit adds foldback-current protection 

Rafael Garcfa-GII and JM Espf, Electronic Engineering Department, University of Valencia, Spain 



For many applications that re- 
quire power-supply currents of a 
few amperes or less, three -terminal 
adjustable-output linear voltage regu- 
lators, such as National Semiconduc- 
tor's LM3 17, offer ease of use, low cost, 
and full on-chip overload protection. 
The addition of a few components can 
provide a three-terminal regulator 
with high-speed short-circuit current 




Figure 1 This circuit adds foldback-overcurrent protection to 
a linear regulator. 
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Figure 2 Simulated and measured foldback-current 
responses to a load resistance that varies from 200 to 
0.01 n show close agreement. 



limiting for improved reliability. The 
current limiter protects the regulator 
from damage by holding the maximum 
output current at a constant level, Ij^^^' 
that doesn't damage the regulator (Ref^ 
erence 1). When a fault condition 
occurs, the power dissipated in the pass 
transistor equals approximately V^^X 
^MAx* Designing a regulator to survive 
an overload requires conservatively 
rated — and often over- 
designed — components 
unless you can reduce, or 
fold back, the output 
current when a fault 
occurs (Reference 2). 

The circuit in Figure 
1 incorporates foldback- 
current limiting to pro- 
tect the pass transistor 
by adding feedback 
resistor R^. Under nor- 
mal conditions, transis- 
tor Q2 doesn't conduct, 
and resistors and R^ 
bias MOSFET into 
conduction. When an 
output overload occurs, 
Q2 conducts, reducing 
the on-state bias applied 
to and thus increas- 
ing its drain-source 
resistance and limiting 
the current flowing into 
regulator IC^ an LM3 17. 
Adding R^ makes Q^'s 
bias current dependent 
on the output voltage, 
Vq^^, which decreases 
under overload condi- 
tions. 



700 800 



For the circuit in Figure 1 , you can 
calculate the maximum foldover and 
short-circuit currents, 1^^^^^^ and Ig^., 
respectively, as follows: 

(R3 +R4)x VsENSE 



KNEE 



(Vj^-Vqut 



Rgc X R4 

)x — 

Rgc XR4 



(1) 



^sc - 



(R3 +R4)x VgE^SE 
RgQ X R4 



(2) 



Vt 



IN • 



Rgc X R4 



In a practical design, you select val- 
ues for I^^g^and and equal values for 
R3^ and and then use equations 1 
and 2 to calculate resistors Rg^ and R^. 
For the circuit in Figure 1 , the output's 
maximum and short-circuit currents are 
fixed at 0.7 and 0.05 A, respectively. 
With R3^andR3gSet to lOOfl, solving 
the equations yields values of 0.7311 for 
Rg(^ and 4-3 kH for R^.You can demon- 
strate the circuit's performance by 
applying a variable-load resistor that's 
adjustable from to 200H. As Figure 
2 shows, the output's simulated and 
measured voltage-versus-current char- 
acteristics, Vq^^ and Iq^^, respectively, 
are in close agreement. EDN 

REFERENCES 

n Hulseman, Herb, "MOSFET 
enhances voltage regulator's overcur- 
rent protection," EDA/, March 3, 2005, 
pg 74. 

a Galinski, Martin, "Circuit folds back 
current during fault conditions," EDA/, 
Nov 28, 2002, pg 102. 
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ULTRA-LOW-VOLTAGE LEVEL 
TRANSLATORS ALLOW SEAMLESS 
INTERFACE DOWN TO 0.9V 

Six-Channel Bidirectional Level Translators in Tiny, 2mm x 2mm UCSP™ 



Ultra-Low-Voltage Operation 

♦ Vl = 0.9V to 3.6V 

♦ Vcc = 1.5V to 3.6V 

Save Board Space 
♦2mm X 2mm, 16-UCSP 

Bidirectional Operation with 
No Direction Pin 

♦ Noninverting Inputs 
and Outputs 

Robust Protection 

♦ ±15kVESD Protection 
(Vcc Side) 



20iVlbps BIDIRECTIONAL DATA 



NO DIRECTION 
PIN REQUIRED 



O.VF 



IE 



LOW- 
VOLTAGE 
ASIC 



— il 



O.VF 



I/O VlI 
I/O Vl2 
I/O Vl3 
I/O Vl4 
I/O Vl5 
I/O V, 6 



l/0Vcc1 
l/0Vcc2 
l/0Vcc3 
l/0Vcc4 
l/0Vcc5 
I/O Vcc6 



yi/iyjxiyi/i 

MAX13003 

GND 



SYSTEM 
PORT 




±15kV -V 
ESD X 
PROTECTION 



Part 


No. of I/O 
Channels 


Translator Configuration 


Data Rate 
(bps) 


Supply Current (pA) 


Package 


"l 


'cc 


MAX13000 


6 


CMOS to CMOS 


230k 


0.1 


0.1 


16-UCSP/TSSOP 


MAX13001 


6 


CMOS to open drain 


230k 


0.1 


0.1 


16-UCSP/TSSOP 


MAX13002 


6 


Open drain to CMOS 


230k 


0.1 


0.1 


16-UCSP/TSSOP 


MAX13003 


6 


CMOS to CMOS 


20M 


0.1 


0.1 


16-UCSP/TSSOP 


MAX13004 


6 


CMOS to open drain 


20M 


0.1 


0.1 


16-UCSP/TSSOP 


MAX13005 


6 


Open drain to CMOS 


20M 


0.1 


0.1 


16-UCSP/TSSOP 



UCSP is a trademark of Maxim Integrated Products, Inc. 
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www.maxim-ic.com 
FREE Multiplexers and Switches Design GuiAe— Sent Within 24 Hoursi 

CALL TOLL FREE 1-800-998-8800 (6:00 a.m.-6:00 p.m. PT) 
For a Design Guide or Free Sample 



ykiyjxiyki/Spei 



1-888-MAXIM-IC 



Af\f\0\A/. 



ARROW ELECTRONICS, \l 
1-800-777-2776 



1-800-332-8638 
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© 2005 Maxim Integrated Products, Inc. All rights reserved. 
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USB Portable 

Precision 

Measurements 



I ^NXnOMAL , 



Starting 
from $145 

Choose from high performance, 
built-in signal conditioning, or 
low-cost products. 

DAQPad-6016 

16-bit Input Resolution 
200 kS/s Sampling Rate 
16 A! / 2 AO / 32 DID / 2 CTR Channels 

USB-9211 • USB-9215 

Up to 24-bit Input Resolution 
Up to 20 kS/s Sampling Rate 
4SSorTC'' Channels 

USB-6008 • USB-6009 

Up to 14-bit Input Resolution 
Up to 48 kS/s Sampling Rate 
8 Al/ 2 AO/ 12 DID /I CTR Channels 

*SS - Simultaneous sampling, TC - thermocouple 



FREE Data Logger Software Included 



Take measurements in minutes with 
FREE ready-to-run data logger 
softwaref For more sophisticated 
measurements and analysis, use FREE 
NI-DAQmx or NI-DAQmx Base driver 
software to 
program the 
device in 
LabVIEW, C, or 
Visual Basicf^ 




* Not available with DAQPads 

** LabVIEW and C only for USB-92XX and USB-600X 



Find the right USB product for you. 
Visit ni.com/usb. 
(800) 327-9894 



^NATIONAL 
^INSTRUMENTS 
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Motor-drive IC comes with a demonstration kit 

Requiring no heat sink for electronic-motor-drive applications requiring oper- 
ation at power as high as 180W, the IR3103 motor-drive half-bridge FredFET 
includes a gate-driver IC- The miniSIP-1 1 package features isolation ratings of 1500V 
rms/minute, enables shorter intercomponent connections, and reduces EMI emis- 
sions- Able to operate at a maximum input- voltage rating of 500V, at temperatures 
as high as 150°C, the device also supports ESD protection and includes a bootstrap 
diode for the high-side-driver section. The IRADK3 1 demonstration kit includes a 
three-phase, 250W motor-drive system and software that compares several motor- 
control-drive strategies for ac induction motors and advanced brushless dc motors. 
The IR3103 costs $1.25 (10,000). 
^International Rectifier, www.irf.com 



Diode series has 
extensive selection 

These L-Flat surface-mount pack- 
ages for high-power rectifier 
diodes use a lead-clamp structure to pro- 
vide a 32-mm^ mounting area, measur- 
ing 4X8.2X1.8 mm. Targeting circuit- 
protection applications in devices such 
as motor drivers, ac/dc converters, and 
switch-mode power supplies, the series 
has an IFAV (average-forward-current) 
rating of 3 to lOA. The L-Flat series 
includes general-purpose, fast-recovery, 
high- efficiency, Schottky-barrier, and 
zener diodes. L-Flat series diodes cost 30 
cents each. 



[>Toshiba America Electronic 
Components Inc, www.toshiba. 
com/taec/ 



MOSFETs feature 
low on-resistance and 
high switching speeds 

Targeting power supplies for com- 
puter servers, telecom equipment, 
and flat-panel displays, the CoolMOS 
CS Server series of power MOSFETs has 
an on-resistance of 99 mil in a TO220 
package or 45 H in a T0247 package 
with switching speeds of 1 50 V/nsec and 



07811 98] 




POWER 





•Superior power density 

•Outstanding blind mating options 

•Sequential mating contact options 

•Press-fit, solder and crimp terminations 

•Panel mount options 

•A wide variety of package sizes, 
contact variants and options 

•Select products are compliant to: 

HilmaTCM^ CommtPGF 




D-SUBMINIATURE 

•Multiple cost/performance options: 
industrial, military, spaceflight 

•Standard and high density; 
9 to 104 contact variants 

•Combination D-sub, with power, signal, 
thermocouple, shielded, and high 
voltage contacts in a single connector 

•Stacked dual port options 

•Environmental protection to IP67; 
hermetic options also available 

•Press-fit, solder and crimp terminations 

•Wide variety of 
options and 
accessories 




Ask us 
about. 





RoHS* www.connectpositronic.com 



options 



*European Union Directive 2002/95/EC "Restriction of Hazardous Substances" 




CIRCULAR 



•High reliability machined contacts 

•3 to 29 contact positions with 
signal, power, thermocouple and 
^ shielded contact options 

•Lightweight composite construction 

•Two level sequential mating 

•Crimp removable contacts, straight 
and right angle PCB terminations 

• Environmental 




protection to IP67 

•EMI/RFI 

shielded versions 





RECTANGULAR 

•High reliability 
machined contacts 

•Standard density 
packaging utilizing 
size 20 and size 16 contacts 

•High density packaging 
utilizing size 22 contacts 

•Straight and right angle PCB 
mount and crimp contact options 

•A wide variety of options and 
accessories, including latching 
devices and polarization features 
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Positronic Industries 




Springfield, Missouri USA • 800.641 .4054 



info@connectpositronic.com 



08;; 




Smaller size, lower weight, 
longer life! Unprecedented 
levels of energy density! 

• A perfect fit in today's smaller cell phones, 
digital cameras and music players 

• Fast-charging manganese-based lithium 
ion batteries 

• 50% of the weight and 20-50% the volume 
of nickel-cadmium batteries 

• Broad range of parts to fit a variety of 
portable devices 



Prismatic Litliium Ion 
Recliargeable Batteries 



NEC/TOKin 

www.nec-tokinamerica.com 

NEC TOKIN America Inc. 

(Headquarters & Western Area Sales) 

32950 Alvarado-Niles Road, Suite 500, Union City, 
California 94587, U.S.A. 
Phone: 510-324-4110 Fax: 510-324-1762 
Northeast Sales Office(Chicago Office) 
Phone:1-630-61 3-7225 Fax:1-630-61 3-7001 
Southeast Sales Office(Austin Office) 
Phone:1 -51 2-21 9-4040 Fax:1 -51 2-21 9-4007 

NEC TOKIN Corporation 

Global Marketing & Sales Division:Tokyo, Japan 
Tel: 81-3-3515-9220 or visit www.nec-tokin.com 
Offices in Germany, France, UK, Sweden, 
Hong Kong, Shenzhen, Shanghai, Taipei, 
Singapore, Malaysia, Bangkok, and Seoul 
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a 600V voltage blocking. The 99'mH 
device costs $4 (10,000). 
t>lnfineon, www.infineon.com/power 



Schottky diodes come 
in SOT-563 package 

In an SOT-563 case, the CMLSH-- 
05 '04DO dual, low-forward- volt- 
age Schottky diodes use 55% less board 
space than two SOD-523 devices- The 
vendor configures the product as two iso- 
lated diodes with an opposing anode/ 
cathode pinout; each product features a 
peak repetitive reverse voltage of 40V, 
continuous forward current of 500 mA, 
and a forward voltage of 035V at 100 
mA. The CMLSH05-04DO devices cost 
16 cents each (3000). 
^Central Semiconductor Corp, www. 
centralsemi.com 



Power-MOSFET 
family comes in 
variety of packages 

A family of P-channel power 
MOSFETs targeting active- 
clamp configurations features 150 and 
200V options. The 150V Sil41 IDH and 
200V Sil419DH have on-resistance val- 
ues of 2.6 and 511, respectively, and both 
come in SC-70 packages. The 150V 
Si2325DS and 200V Si2327DS have 



on-resistance values of 1.2 and 2.3511, 
respectively, and both come in SOT- 23 
packages. The 150V Si7439DP and 
200V Si743 IDP have on-resistance val- 
ues of 0.09 and 0.1 7411, respectively, and 
both come in SO-8 packages. The de- 
vices cost 20 cents (100,000). 
>Vishay Intertechnology, www.vishay. 
com 



MOSFETs suit PFC 
circuitry, lighting, and ac/dc 
power-supply systems 

Aiming at withstanding high- 
speed voltage- and current-switch- 
ing transients, these eight high-voltage 
MOSFETs target transient-prone HID 
(high-intensity-discharge) lighting-ballast 
applications and power supplies for PDF 
(plasma-display- 
panel) televisions. 
The devices reduce 
conduction losses 
and increase switch- 
ing performance by 
lowering RDS^^ and 
gate charge; they also 
feature a gate-to-source voltage of 
±30V. Available in TO-220, TO220F, 
D2-PAK, T0247, and TO-3P packages, 
the MOSFETs' cost ranges from $1.54 to 
$5.36. 

>Fairchild Semiconductors, www. 
fairchildsemi.com/superfets 




EMBEDDED SYSTEMS 



1 0-Gbps packet-process- 
ing module has high- 
bandwidth throughput 

□ With high-bandwidth throughput 
from a single AdvancedTCA slot, 
the Promentum ATCA-7010 packet- 
processing module allows designers to 
implement a security gateway that filters 
and monitors incoming traffic for intru- 
sion or security breaches at wire speed. 
The module features duel Intel IXP28xx 
network processors with a 1 .4'GHz core 
processor and a 700-MHz Xscale proces- 



sor, which designers can configure as sin- 
gle or dual and parallel or pipelined. 
With 1 0-Gbps Ethernet interfaces con- 
necting through an RTM (rear transition 
module), the device supports PICMG- 
3.0 and PICMG3.X. The module also 
includes three independent banks of 
256-Mbyte RDRAM per network pro- 
cessor at 533 MHz, four banks of 8- 
Mbyte DRII SRAM per network pro- 
cessor, and an optional 18-Mbit TCAM 
(ternary content-addressable memory) 
in place of an SRAM bank. Compatible 
with the Intel IXP SDK 4.x, the ATCA- 




HOLTEK 

k. LULU iu.holtek.com 



HT48EXX 



Universal Multi-Programm^SieMCUs for 

Intelligent Control 




Single pack development kit to get beginners up and 
running with Holtek devices asap! 



► Superior Price/Function Ratio 

► Industrial Specifications: -40°C ~+85°C 

► High noise immunity and ESD protection 

► Internal Data EEPROM 

► Wide Operating Voltage: 2.2 ~ 5.5V 

► Up to 56 I/O lines 

► Compatible with OTP/Mask type devices 
(HT48E06 excepted) 




Part No. 


Program 


Data Memory 


Data EEPROM 


I/O 


Timer 


Interrupt 


Pins 


HT48E06 


1Kx14 


64x8 


128x8 


13 


8bitx1 


2 


18/20 


HT48E10 


1Kx14 


64x8 


128x8 


19 


8bitx1 


2 


24 


HT48E30 


2Kx14 


96x8 


128x8 


23 


8bitx1 


2 


24/28 


HT48E50 


4Kx15 


160x8 


256x8 


33 


8bitx1,16bitx1 


3 


28/48 


HT48E70 


8Kx16 


224x8 


256x8 


56 


16bitx2 


3 


48/64 



New range of development 
tools and volume 
production type OTP 
writers now available ! 




3 




USA Sales Office Holmate Semicor^ductorjnc. 

46712 Fremont Blvd., Fremont, CA 94538 Tel: (5 1 0) 252-9880 Fax: (5 1 0) 252-9885 
www.holmate.com 
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Behlman 400Hz AC Power 
Supplies/Frequency Converters 



Rugged, reliable 400Hz 
power, precisely tlie 
way you need it. 

Behlman AC Power Supplies and Frequency Converters 
are proven ultra-reliable for commercial, industrial and 
military applications, delivering solid-state 400Hz 
power at avionics, marine and other test and 
repair facilities worldwide. Easily modified to 
meet your requirements, Behlman units 
require minimal maintenance, and are far 
more efficient and economical than 
rotary systems. For a free 
consultation call 

1 800 874-6727, or 
email sales@behlman.com 





Behlman Electronics Inc. 

www.behlmanfrequencyconvettet.com 
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7010 comes with the vendor's software-development kit and 
Montavista Professional Edition 3.1 support as well as with a 
full complement of diagnostics and debugging support. The 
module costs $10,582 for a fully loaded memory configuration. 
>RadiSys Corp, www.radisys.com 



Serial controller targets 3U 
CompactPCI systems 

The high'density, 3U, 32'bit TCP460 CompactPCI seri- 
al'communications controller features 16 channels of 
RS232, RS422, or mixed RS232/422 serial-interface-channel 
configurations. The RS232 channels support RxD, TxD, RTS, 
and CTS, and the RS422 channels support RxD± and TxD± 
with connection through front-panel I/O using an HD68 SCSI- 
3 -type connector or through the rear-panel I/O using PI 4- Each 
serial channel has a 64-'byte receiving and transmitting FIFO 
with programmable FIFO trigger levels and programmable baud 
rates as high as 921.6 kbps for RS232 and 5.5296 Mbps for 
RS422 channels. Operating in extended- temperature ranges of 
-40 to +85°C, the TCP460 costs ! 
l>Tews Technology, www.tews.com 
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DOWNLOAD our free CAD software 



DESIGN your two or four layer PC board 
SEND us your design with just a click 
RECEIVE top quality boards in just days 



e)^resspcb.conn 



Ideal for 
high performanc 
compact systems 
with restricted ventilation... 



ircom 



888-941-2224 

www.arcom.com 
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Max of Millions. 



Even as you read this, Max the Kellysearch Mole is conduct- 
ing millions of highly targeted searches. In fact, the term 
"search engine" just doesn't cut it anymore. Not when you're 
accessing the power of Kellysearch.com, the world's first gen- 
uine find engine. Name the business. Name the category. No 
matter how highly specialized your search, you'll find precise- 
ly what you're looking for, and fast. (Millions of businesses and 
industrial companies are standing by.) Source your part. Find 
your partner. Close the deal. Log on now to Kellysearch.com 
or call us at 800-550-0827. 




Max the Kellysearch Mole. 



Kellysearch.coni 

^ Less dinainci. mo 




Less digging, more results 

Reed Business Information 
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You won't find any 



in our S62's PCB prototyping capabilities 



Unless you're looking for plated through-holes — then you're in luck 




Imagine, a benchtop PCB milling mach 
that does everything your board house 
do, and is as easy to use as your laser 



a robust 
circuit 
right 
file 
a perfect 



Introducing the new ProtoMat S62 
machine that will produce any of your 
ideas — even plated through holes — 
at your side. Just send it any CAD/CAM 
and this quiet device will produce 
prototype in minutes. 

• Affordable, entry-level price tag 

• The best milling speed, resolution, and 
accuracy in the industry 

• Single-sided, double-sided, and multilayered 
machining without hazardous chemicals 

• Automatically changes tools, and doesn't 
require a compressed air supply 

• Optional vacuum table and front-to-back 
alignment camera 



See a free Webcast anytime at 

www.lpkfusa.com 




LPKF ProtoMat® S62 



® 



Lasers Electronics 

North America 1-800-345-LPKFToll Free 
UK & Ireland +44-1344-455046 
Germany +49-5131-7095-0 
France +33-1-60 86 16 23 
AUS & NZ +61-2-9793-9542 
Israel +972-3-9025555 
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Intersil Battery Charger ICs 




Don't Get Burned by 
Cheap Imposters 

Protect your designs from counterfeit battery 
packs with Intersil's ISL6296. We've integrated 
our FlexiHash™ technology to deliver a simple, 
robust and inexpensive battery authentication 
solution for 1-cell Li-lon/Li-Polymer or 3-cell 
NiMH series battery packs. 

Intersil's ISL6296 offers the same level of effectiveness as other 
significantly more expensive, high maintenance, monetary-grade hash 
algorithm and authentication schemes. This device supports a wide range 
of operating voltages and is customized for low-cost applications. 




ISL6296 Functional Block Diagram 



Oscillator 



1-Wire Comm 
Interface 



16x8 OTP 
ROM 



FlexlHash 
Engine 





ffP0R/2.5V 




Control 




1 VDD 


\ Regulator 




Register 


TIG 











Device Authentication Process 



64-bit Secret 



32-bit Hash 
Function 



32-bit Hash J 
Seed 



32-bit pseudo-random 
challenge word from host 



FlexlHash 
Engine 



8-bit authentication code 



XSD single-wire host bus 
interface communicates with 
all 8250-compatible UARTs or 
a single GPIO pin. Supports 
CRC on read data and 
transfer bit-rate up to 23 kbps. 



■ 16 bytes of one-time 
programmable ROM memory 
for storage of pack 
information and ID, device 
authentication secrets, device 
default settings, and factory 
programmed trim parameters. 



Patent pending FlexlHash 
engine consists of four 
separate programmable 
CRC calculators. Two sets 
of 32-bit secret codes are 
used for authentication 
code generation. 



Key Features: 

^ Patent pending challenge-response 
authentication scheme using 32-bit 
challenge code word and 8-bit 
authentication code. 

^ Fast single-step authentication process 

^ Supports 1-cell Li-Ion/Li-Polymer and 3-cell 
series NiMH battery packs (2.6V-to-4.8V 
operation) 

^ Compatible for use with serial ports offered 
by all 8250-compatible UARTs or a single 
GPIO pin 

^ "Zero Power" sleep mode after bus inactivity 
time-out period 

^ 64-bit user-programmable secret for security 

^ Can also be used in a variety of accessories 
such as printer ink cartridges where 
authenticity needs to be verified. 

^ Variety of packages available including 
SOT-23-5, chip scale or unpackaged die 



Datasheet, eval kit with USB 
interface, free samples, and 
more information available at 
www.intersil.com/edn 

Enter 46 at www.edn.com/info 

intet kil 

HIGH PERFORMANCE ANALOG 



Intersil - Switching Regulators for precise power delivery. 

©2005 Intersil Americas Inc. All rights reserved. The following are trademarks or services marks owned by Intersil Corporation 
or one of its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design). 
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Low Cost 
Data 
Acquisition 
Starter ^ 



Starting at 



$24.95 



RS'232, USB, or Ethernet Interfaces 

Hardware, software, cable, and 
screwdriver included - Everything 
you need to start acquiring data. 

DATAa 

INSTRUMENTS 



www.dataq.com/ednp 




'rgONTROLLER 



• USB 2.0 support • self powered 

• supports I2C voltages from 2.5vdc to 
5.5vdc • multi-master support 

• clock speeds up to 600KHz 

• color-coded debug mode 

• single and multi-byte transfers 

• all necessary cables included 

• includes easy to use powerful PC 
software $199.99 



a trademark of Philips Corporation 



www.m3electromcs.biz 
919-924-3525 




Internet Modem 





PC or i ^^ rSy 

MACHINE INTERNET j 



Diagnostic/Alarm/Monitoring 

• Send/Receive data via email or hosted web page 

• Uses no CPU/software overhead with existing designs 
•SMTP/POPS enabled 

• PC compatible email 

• Send messages on alarm condition 

• Internet transfer to voice/data/fax using low cost ISP 

• Operates independent of your system application CPU 

• 2400 to 56k bps data transfer, unlimited messages 

• Evaluation kits available from $159.95 



www.cermetek.com 



Tel: 800-882-6271 
Sunnyvale, CA USA 



Probes & Test Leads 



Test Leads 
Differential Probes 
Oscilloscope probes 




DCptie 
master 




EASY ON-LINE ORDERING 

24 HOUR SHIPPING 
^www.probemaster.com 

Call for free Catalog 
800-772-1519 

El Cajon, Ca USA 




Pentium® M Single Board Computer; 

Order now and receive a 



Software Development Kit for 
Windows XP Embedded or 
Linux, and a FREE Pretec™ 
CompactFlasli. 

Special offer, while supplies last. Details at 

www.VersaLogic.com/Cobra 

^ X^rsaLogic 

'corporation 

(800) 824-3163 • info@VersaLogic.com 
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To advertise in Product Mart, call Dara Juknavorian at 781-734-8343 



Low Cost %R.H. 
Humidity Sensor ! 

CMOSeNS® 




These are the same ultrasonic sensors and components 
formerly made by Polaroid and are now manufactured 
by SensComp. Visit www.senscomp.com for complete 
product information. 

Phone: 734-953-4783 
Fax: 734-953-4518 • info@senscomp.com 



S8B-P' 



C/C++ programmable, 32-bit CPU, FPU, 
16-bit ADC, DAC and CompactFlash 




• 3.6 X 2.3 X 0.3", 133 IVIHz SC520, floating point coprocessor 

• 32 PIOs, timers, interrupts, 2 RS232 

• 4 Higli speed 16-bit parallel ADC (AD7655, 1 MHz) 

• 816-bit DAC (TLC2600) 

• CompactFlash cards and FAT16 file system support 

50+ Low Cost Controllers with ADC, DAC, solenoid drivers, relays, PC-104, CompactFlash 
LCD, DSP motion control, 10 UARTs, 300 l/Os. Custom board design. Save time and money 



1724 Picasso Ave., Suite A 
Davis, CA 95616 USA 



"rpp Tel: 530-758-0180 • Fax: 530-758-0181 1 
1 L^IXL y www.tern.com m»nml 
INC. sales@tern.com ^HJ^ 




EDN BUSINESS STAFF 



PRESIDENT, BOSTON DIVISION/PUBLISHING DIRECTOR, EDN WORLDWIDE 

Stephen Moylan, snnoylan@reeclbusiness.conn; 1-781-734-8431; fax: 1-781-290-3431 
ASSOCIATE PUBLISHER, EDN WORLDWIDE 

John SchirnnerJschirnner@reeclbusiness.conn; 1-408-345-4402; fax: 1-408-345-4400 
OFFICE MANAGER 

Rose Murphy, MurphyS@reeclbusiness.conn; 1-781-734-8457; fax: 1-781-734-3457 



NORTHERN CA/SILICON 
VALLEY 

Barbara Couchois 
barbara.couchois@reeclbusiness.com 

1 -408-345-4436 
NORTHERN CA/SILICON VALLEY 
ID/NV/OR/WA/BRITISH 
COLUMBIA 

Alan Robinson 
aarobinson@reeclbusiness.com 
1 -408-345-4450 
fax: 1 -408-345-4400 
EASTERN CANADA/GA/IA/IL/ 
IN/KS/KY/MI/MN/MO/NC/ 
ND/NE/OH/WESTERN PA/ 
SC/SD/TN/VA/WI 

Cynthia Lewis 
cynthia.lewis@reeclbusiness.com 
1-781-734-8452, 
fax: 1-781-290-3433 

CT/DE/MA/MD/ME/NJ/NY/RI/ 
EASTERN PA/VT 

Joe McCabe 
jmccabe@reeclbusiness.com 
1-781-734-8433 
fax: 1-781-290-3433 
SOUTHERN CA/AZ/CO/NM/UT 

Leah Vickers 
ljvickers@reeclbusiness.com 
1 -562-598-9347 
fax: 1-214-220-5420 
AL/AR/FL/LA/MO/OK/TX 

Roger Buckley 
rbuckley@reedbusiness.com 
1-972-216-5104 
fax: 1-972-216-5105 

DIRECTOR OF ONLINE SALES 

Barbara Couchois 
barbara.couchois@reedbusiness.com 
1 -408-345-4436 
ADVERTISING SERVICE 
COORDINATOR 

Nancy McDermott 
nmcdermott@reedbusiness.com 
1-781-734-8130 
fax: 1-781-734-8086 
DISPLAY ADVERTISING, 
SUPPLEMENTS, PRODUCT 
MART, INFO CARDS, LIT LINK, 
AND RECRUITMENT 

Dara Juknavorian 
darajuknavorian@reedbusiness.com 
1-781-734-8343 
fax: 1-781-290-3343 
WEB 

Cathy Baldacchini, Director 
cbaldacchini@reedbusiness.com 
Jessica Mason 
jmason@reedbusiness.com 

VP OF INSIDE SALES 

Jason Miner 
jason.miner@reedbusiness.com 
1-781-734-8545 
fax: 1-781-290-3545 
VP OF INTERNATIONAL SALES 

Mike Hancock 
mike.hancock@rbp.co.uk 

+44 208-652-8248 
fax: +44 208-652-8249 



UK/NORWAY/SWEDEN/ 
DENMARK/FINLAND/ 
NETHERLANDS/BELGIUM/ 
LUXEMBOURG 

John Waddell 
jwadds@compuserve.com 

+44 208-312-4696 
fax: +44 208-312-1078 
AUSTRIA/GERMANY 

Adela Ploner 
adela@ploner.de 
+49 8131 366 99 20, 
fax: +49 8131 366 99 29 
ISRAEL 

Asa Talbar 
talbar@inter.net.il 
+972-3-5629565 
fax: +972-3-5629567 
ITALY 

Roberto Laureri 
media@laureriassociates.it 
+39 02-236-2500 
fax: +39 02-236-4411 
SWITZERLAND 

Gino Baretella 
baretella@exportwerbung.ch 
+41 1880-3545 
fax: +41 1880-3546 
FRANCE/PORTUGAL/SPAIN 

Alain Faure 
Alain.Faure@wanadoo.fr 

+01 53 21 88 03 
fax: +01 53 21 88 01 
JAPAN 

Toshiyuki Uematsu 
t.uematsu@reedbusiness.jp 
+81 3-5775-6057 
SOUTH KOREA 
Andy Kim 
andy.kim@rbi-asia.com 

+822 6363 3038 
fax: +822 6363 3034 
SINGAPORE, MALAYSIA, 
THAILAND 

Chen Wai Chun 
waichun.chen@rbi-asia.com 
+65 6780 4533 
fax: +65 6787 5550 
TAIWAN 

Charles Yang 
+886 4 2322 3633 
fax: +886 4 2322 3646 
AUSTRALIA 

David Kelly 
david.kelly@rbi.com.au 

+61 2-9422-2630 
fax: +61 2-9422-8657 
HONG KONG 

Simon Lee 
simonlee@rbi-asia.com.hk 
+852 2965-1526 
Dolf Chow 
dolfchow@rbi-asia.com.hk 

+852 2965-1531 
MARKETING MANAGER, 
EDN WORLDWIDE 

Wendy Lizotte 
wlizotte@reedbusiness.com 
1-781-734-8451 
fax: 1-781-290-3451 



DIRECTOR OF CUSTOM 
PUBLISHING 

Cindy Fitzpatrick 
cfitzpatrick@reedbusiness.com 
1-781-734-8438 
fax: 1-781-290-3438 
CPS/WEB PRODUCTION 
COORDINATOR 

Heather Wiggins 
hwiggins@reedbusiness.com 
1-781-734-8448 
fax: 1-781-290-3448 
ADMINISTRATION 

John Blanchard 
Vice President of Manufacturing 
Norm Graf, Creative Director 

Gloria Middlebrooks 
Graphic Production Director 

Dorothy Buchholz 
Group Production Director 

DESIGN 

Dan Guidera 
Senior Art Director/Illustration 

Carolyn Van Cott 
Senior Art Director/Promotion 

RESEARCH DIRECTOR 

Rhonda McGee 
rmcgee@reedbusiness.com 
1-781-734-8264, 
ax: 1-781-290-3264 
CIRCULATION MANAGER 

Jeff Rovner 
jrovner@reedbusiness.com 
1 -303-470-4477 

REED BUSINESS INFORMATION 

Jim Casella 

Chief Executive Officer 
Stephen Moylan 

President, Boston Division 
John Poulin 

Senior Vice President, Finance 
Sean T Keaveny 

Vice President, 
Finance, Boston Division 



For a free subscription, go 
to www.getfreemag.com/ 
edn. Reprints of EDN articles 
are available on a custom printing 
basis in quantities of 500 or more. 
Electronic reprints of EDN articles 
can be arranged as a package with 
print orders, but are also available 
separately. For high-quality article 
reprints, please contact RSi Copy- 
right at 1 -800-21 7-7874, or send 
an e-mail to rbireprints@rsicopy 
right.com. 



JULY 21, 2005 I EDN 89 



realitycheck 



YESTERDAY'S HYPE MEETS TODAY'S REALITY 




STATS Weighs 85 lbs (39 kg) Maximum speed of 12.5 mph (20 km/hr) Range of 1 5 to 24 miles 

k mmmm 

Segway press coverage zooms, but sales falter 

■ Segway LLC in December 2001 released the self-balancing Segway HI (human trans- 
porter) with a brilliantly executed "teaser" public-relations campaign; major print and 
broadcast press coverage followed. Noted inventor Dean Kamen claimed that the device would 
"transform the way people work and live" and "provide a solution to short-distance travel." The 
Segway includes multiple DSPs, sophisticated motor control, and gyroscopes functioning as tilt 
sensors, all monitoring the user's center of gravity 1 00 times/sec. Weighing 85 lbs, the Segway 
can carry as much as 260 lbs at a maximum speed of 1 2.5 mph, with a range of 1 5 to 24 miles 
with a lithium-ion battery pack or 8 to 12 miles with an nickel-metal-hydride pack. 

The vendor hoped to sell 50,000 to 1 00,000 units in the first year at around $5000 each. 
But, according to papers filed with a recall notice, initiated by a software problem with the bat- 
tery-charging circuit, the company sold only 6000 units in the first 21 months. Furthermore, 
industry analysts estimate that the company sold only about 10,000 units through 2004. In 
hindsight, analysts attribute the poor sales to the Segway's high price, limited applicability and 
legal issues. (It's illegal for street use and, in many cities, for sidewalk use.) 

-by Bill Schweber, Executive Editor 
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Delivering tlie latest with the greatest. 

Mouser offers a unique variety of Embedded Solutions. Mouser is the catalog distributor focused on the 
needs of engineers. We deliver the latest technologies with the great service and support you need. 



SEMICONDUCTORS I PASSIVES I INTERCONNECTS I POWER I ELECTROMECHANICAL I TEST, TOOLS & SUPPLIES 



^ngmeered for rngineuri 




New Products 

New Technologies 

New Suppliers 

New Catalog Every 90 Days! 



MOUSER 

ELECTRONICS 



a tti company 

(800) 346-6873 
www.mouser.coin 

Enter 47 at www.edn.com/info 
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STR7 ARM-based 32-bit Flash MCU with USB 
and CAN gives you control over power and 
performance, and brings innovation to your design 
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□ 



Card 
Reader 



Cash 
Drawer 



Control 
Unit 



Display 



1 

>dem 



1 



Barcode 
Reader 



Standard 
Devices 



Ethernet 


Wire 








Tl/El Box 


B 


■ 


DSL Card 



Communication Interface 



With STR7 ARM7TDMI MCU, designing versatile products lil<e card 
payment terminals is easy. STR7 family offers a large choice of 
memory packages and peripherals. Extensive application support 
(application notes, software libraries including USB) makes 
design even easier. 



Key Benefits 

Future-proof 32-bit ARM-based microcontrollers 

Largest choice of peripherals and interfaces 

including USB and CAN 

Flexible power & clock management 

High quality embedded Flash (20 years retention) 

Extensive software and easy to use evaluation kits 



Key Applications 

POS: Secure card reader, receipt printer, bill validation... 
USB devices: Security token, card reader... 
Industrial: Factory automation, circuit breaker, industrial 
network, PLC... 

HVAC and Building: Fire, access and security, alarm system, 
power meter... 

Medical: Patient monitoring, diagnostic systems... 
Appliances: Washer and dryer, dishwasher... 
Others: Hands free car kit, electric wheelchair, cellular phone 
base station... 



For full documentation, developer kits, software and user 
forums, visit WWW.St.COITl/mCU 




Solutions @ 



DEVICE AVAILABLE FROM THESE DISTRIBUTORS: ARROW • AVNET • DIGI-KEY • FUTURE • MOUSER • NU-HORIZONS 
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